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ABSTRACT 



The present invention relates to monoclonal antibodies that 
bind to the extracellular domain of prostate -specific mem- 
brane antigen (PSMA), hybridoma cell lines producing the 
antibodies, and methods of using such antibodies for diag- 
nosis and treatment of cancer. In particular, thirty-five mono- 
clonal antibodies reactive with PSMA expressed on the cell 
surface are exemplified. Additionally, the present invention 
relates to a novel protein variant (PSM') of PSMA delected 
by a number of the antibodies of the invention. The hydro- 
lase activity of PSMA and PSM' allows the use of an 
immunoenzymatic assay for their detection. 

16 Claims, 20 Drawing Sheets 
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MONOCLONAL ANTIBODIES SPECIFIC 
FOR THE EXTRACELLULAR DOMAIN OF 
PROSTATE-SPECIFIC MEMBRANE 
ANTIGEN 

The present application is a continuation-in-part of appli- 
cation Ser. No. 08/827,017 filed Mar. 25, 1997, abandoned 
which is a continuation-in-part of application Ser. No. 
08/621^99 filed Mar. 25. 1996 (abandoned), each of which 
is incorporated by reference herein in its entirely. 

1. HELD OF THE INVENTION 

The present invention relates to monoclonal antibodies 
that bind to the extracellular domain of prostate -specific 
membrane antigen (PSMA), hybridoma cell lines producing 
the antibodies, and methods of using such antibodies for 
diagnosis and treatment of cancer. In particular, it relates to 
a monoclonal antibody generated against a synthetic peptide 
substantially homologous to a portion of the carboxyl ter- 
minal region of PSMA, which antibody reacts with PSMA 
expressed on tumor cell surface and in sera of prostate 
cancer patients. Additionally, it relates to thirty -four mono- 
clonal antibodies generated against a prostatic carcinoma 
membrane preparation, which antibodies also react with 
PSMA expressed on the cell surface. The present invention 
also relates to a novel protein variant (PSM') of PSMA 
detected by the antibodies. 

2. BACKGROUND OF THE INVENTION 

Prostate cancer is the second leading cause of death from 
cancer among men. In fact, prostate cancer is the most 
common non-cutaneous cancer diagnosed in the American 
male. The number of men diagnosed with prostate cancer is 
steadily increasing as a result of the increasing population of 
older men as well as a greater awareness of the disease 
leading to its earlier diagnosis (Parker et al., 1997, CA 
Cancer J. for Clin. 47:5-28). It was projected that over 
334,500 men would be diagnosed with prostate cancer in 
1997, and that approximately 41,800 deaths would result 
from the disease. The life time risk for men developing 
prostate cancer is about 1 in 5 for Caucasians, 1 in 6 for 
African Americans. High risk groups are represented by 
those with a positive family history of prostate cancer or 
African Americans. Over a lifetime, more than ^/j of the men 
diagnosed with prostate cancer die of the disease (Wingo et 
al., 1996, CA Cancer J. for Clin. 46:113-25). Moreover, 
many patients who do not succumb to prostate cancer 
require continuous treatment to ameliorate symptoms such 
as pain, bleeding and urinary ob.struction. Thus, prostate 
cancer also represents a major cause of suffering and 
increased health care expenditures (Catalona, 1994, New 
Eng. J. Med. 331:996-1004). 

PSMA is a 120 kDa molecular weight protein expressed 
in prostate tissues and was originally identified by reactivity 
with a monoclonal antibody designated 7E11-C5 
(Horoszewicz el al., 1987, Anticancer Res. 7:927-935; U.S. 
Pat. No. 5,162,504). PSMA was obtained in purified form 
(Wright et al., 1990, Antibody Immunoconjugates and Radio 
Pharmaceuticals 3: Abstract 193) and characterized as a type 
II transmembrane protein having sequence identity with the 
transferrin receptor (Israeli et al., 1994, Cancer Res. 
54:1807-1811) and with NAALADase activity (Carter et al., 
1996, Proc. Natl. Acad. Sci. U.S.A. 93:749-753). More 
importantly, PSMA is expressed in increased amounts in 
prostate cancer, and elevated levels of PSMA are also 
detectable in the sera of these patients (Horoszewicz et al.. 
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1987, supra; Rochon et al., 1994, Prostate 25:219-223; 
Murphy et al., 1995, Prostate 26:164-168; and Murphy et 
al., 1995, Anticancer Res. 15:1473-1479). A cDNA encod- 
ing PSMA has been cloned (Israeli et al., 1993, Cancer Res. 
5 53:227-230), and it produces two alternatively spliced 
mRNA species: an mRNA species containing 2,653 nucle- 
otides that encodes PSMA, and a second mRNA species 
containing 2387 nucleotides referred to as PSM' (Su et al., 
1995, Cancer Res. 55:1441-1443). Prior to the present 
invention, it was not known whether PSM' encoded a protein 
product or existed only as an untranslated mRNA species 
because a PSM' protein product had never been detected. 

A recent report by Carter et al. (1996, Proc. Natl, Acad. 
Sci. U.S.A., 93:749-753) shows a high degree of identity 
between 1428 bases representing a portion of the PSMA 
cDNA and the cDNA sequence of protein N-acetylated 
a -linked acidic dipeptidase (NAALADase). NAALADase 
has enzymatic activity towards the neuropeptide 
N-acctylaspariyl gluiamatc to yield glutamatc and 
N-acetylaspartate. This report demonstrates NAALADase 

20 activity inherent to PSMA protein, but the catalytic portion 
of PSMA was not identified. NAALADase activity was 
found in LNCaP cells which expressed PSMA, but not in 
PC3 cells which do not express PSMA. Transfection of the 
PSMAcDNA into PC3 cells produced NAALADase activity 

25 and the presence of PSMA in these cells. 

The difference between the cDNA of PSMA and PSM' is 
the loss of the transmembrane and intracellular coding 
regions containing nucleotides #1—171 or amino acids 
#1-57 SEQ ID NO: 2. PSMA is described as a type II 

30 membrane protein and it is known that the functional 
catalytic domain of type II membrane proteins resides in the 
C-terminal extracellular region of the molecule (DeVries, et 
al., 1995, J. Biol. Chem., 270:8712-^722). 

PSM' mRNA Ls found in greater quantities in normal 

35 prostate tissues as compared with prostate tissues of patients 
with benign hyperplasia or prostate cancer (Su et al., 1995, 
supra). In contrast, PSMA mRNA is found in greater levels 
in patients with prostate cancer as compared to patients 
without prostate cancer (Su el al., 1995, supra). This 

40 observed difference is consistent with serum protein levels 
of PSMA described previously (Horoszewicz et al., 1987, 
supra; Rochon ct al., 1994, supra; Murphy et al., 1995, 
supra; and Murphy et al., 1995, supra). In this connection, an 
elevated level of PSMA in sera of prostate cancer patients 

45 has been correlated with disease progression versus 
remission, and may be used as a prognostic marker (Murphy 
et al., 1995, supra). 

Hie epitope recognized by monoclonal antibody 7E11-C5 
has been mapped to the first 6 amino acids of the intracel- 

50 lular N-terminal region of PSMA (Troyer et al., 1995, Urol. 
Oncol. 1:29-37) (FIG. 1). Electron immunocytochemislry 
using 7E11-C5 has localized its epitope to the cytoplasm, 
and specifically to the inner leaf of the plasma membrane 
(Troyer et al., 1994, Proc. Am. Assoc. Cancer Res. 35:283, 

55 Abstract 1688). Furthermore, in in vitro tests, monoclonal 
antibody 7E11-C5 stains only fixed and permeabilized cells 
(Horoszewicz et al., 1987, supra), which is in accord with 
the mapping of the 7E11-C5 epitope to the N-terminus or 
intracellular domain of PSMA. While 7E11-C5 is useful for 

60 detecting prostate cancer in vivo which presumably exposes 
its epitope through necrosis and/or apoptosis, a monoclonal 
antibody specific for the extracelliilar domain of PSMA 
would allow more efiScient detection of PSMA on the cancer 
cell surface. In addition, monoclonal antibody 7E11-C5 does 

65 not recognize PSM', since PSM' lacks the intracellular 
domain of PSMA, based on the sequence of its mRNA 
transcript. 
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Citation or identification of any reference in this section 
or in any other section of this application shall not be 
construed as an admission that such reference is available as 
prior art to the present invention. 

3. SUMMARY OF THE INVENTION 

The present invention relates to monoclonal antibodies 
specific for the extracellular domain of PSMA, hybridoma 
cell lines that produce the antibodies, and methods of using 
the antibodies for prostate cancer diagnosis and treatment, as 
well as a variant protein form of PSMA known as PSM* 
recognized by such antibodies. 

The invention is based, in part, on the Applicants' dis- 
covery of monoclonal antibodies that recognize the extra- 
cellular domain of PSMA. One antibody was generated by ^' 
immunizing mice with a C-terminal peptide of PSMA hav- 
ing the amino acid sequence of ESKVDPSK (SEQ ID 
NO:l). The antibody reacts with PSMA and PSM' proteins 
in tumor cell lysates and in sera of prostate cancer patients. 
In addition, it stains intact live tumor cells, confirming its 
specificity for the extracellular domain of PSMA or PSM' 
protein. The antibody also detects PSM' in human seminal 
fluids, and the PSM' therein exhibits NAALADase activity. 
Additional exemplary monoclonal antibodies were also gen- 
erated against a prostatic carcinoma membrane preparation. 
These antibodies react with the extracellular domain of 
PSMA, including native PSMA isolated by immunoafl£nity 
purification and recombinant PSMA produced by recombi- 
nant DNA technology. Most of these antibodies also react 
with PSM'. The antibodies of the invention are useful in 
combination with an antibody directed to the intracellular 
domain of PSMA in a two-site capture assay to detect the 
presence of PSMA in a test sample. Furthermore, the anti- 
bodies disclosed herein may be used in a two -site capture 
assay to detect the presence of PSM' in a test sample. 

A wide variety of uses are encompassed by the present 
invention, including but not limited to, the development and 
use of an immunoassay to detect or stage prostate cancer in 
a patient, imaging of primary and/or metastatic prostate 
cancer in vivo, therapeutic uses of the antibodies, including 
uses of antibodies conjugated to a cytotoxic or chemothera- 
peutic agent; and the construction and use of antibody 
fragments, chimeric antibodies, humanized antibodies or 
bifunctional antibodies. 

45 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Deduced amino acid sequences of PSMA and 
PSM' antigens (SEQ ID NO:2) (Israeli et al., 1994 Cancer 
Res. 54:1807-1811). PSM' mRNA does not contain the 5' 50 
end of the PSMA that would encode the first 57 amino acids 
(first line of amino acid sequence) and thus presumably 
begins at amino acid 58. However, prior to the present 
invention, PSM' had never been identified in its protein 
form. Underlined region is the putative transmembrane 
domain and the bold region (amino acid #716-723 of SEQ 
ID NO: 2) is a peptide selected tor monoclonal antibody 
development. 

FIG. 2. Demonstration of monoclonal antibody 3F5.4G6 
(a subclone derived from primary hybridoma 3F5) and its 60 
reactivity with a protein present in LNCaP lysate of 120 kDa 
molecular weight corresponding to PSMA. Western blot was 
developed with HRP-anti-IgG secondary antibody. Lane 
1-LNCaP lysate probed with 7E11-C5; Lane 2-LNCaP 
lysate probed with 3F5.4G6. 55 

FIG. 3. Demonstration by Western blot of PSMA in sera 
of prostate cancer patients (stage D2) using monoclonal 



antibodies 3F5.4G6 (Lanes 3 and 4) and 7E11-C5 (Lanes 1 
and 2) as control. 

FIG. 4. Western blot assay of LNCaP lysates using 
monoclonal antibodies 7E11-C5 (Lane 1) and 3F5.4G6 
(Lane 2) and developed with HRP-anli-IgM secondary anti- 
body. Both 7E11-C5 and 3F5.4G6 recognized a protein of 
molecular weight 120 kDa. In addition, 3F5.4G6 also rec- 
ognized a protein of 105-110 kDa molecular weight corre- 
sponding to the predicted protein form of PSM'. It should be 
noted that 7E11-C5 did not recognize PSM' because the 
epitope of 7E11 -C5 monoclonal antibody was not found in 
PSM'. Antibody 3F5.4G6 recognizes the C-terminal portion 
of the protein (amino acid #716-723 of SEQ ID NO: 2), 
which corresponds to the extracellular domain of PSMA and 
PSM'. 

FIG. 5. Demonstration that monoclonal antibodies 7E11- 
C5 and 3F5.4GC recognized an identical protein but that 
3F5-4G6 recognized an additional protein corresponding to 
PSM'. LNCaP lysate was initially immunoprecipilated with 
7E11-C5 monoclonal antibody and the immunoprecipilated 
material separated on SDS gels and probed in a Western blot 
assay with either 7E11-C5 (lanes 1-4) or with 3F5.4G6 
(Lanes 5-S) monoclonal antibodies. Lanes 1 and 5 were 
crude LNCaP lysate; Lanes 2 and 6 were precleared LNCaP 
lysate; Lanes 3 and 7 were material which immimoprecipi- 
tated with 7E11-C5 monoclonal antibody; and Lanes 4 and 
8 were proteins left in the previously immunoprecipilated 
LNCaP lysate. Antibody 7E11-C5 immunoprecipilated a 
protein of 120 kDa (Lane 3), which was also recognized by 
3F5.4G6 (Lane 7). However, after 7E11-C5 
immunoprecipitation, a second protein was recognized by 
3F5.4G6 (Lane 8) that was not precipitated by 7E11-C5 
(Lane 4), and which corresponded to PSM'. Thus, 7E11-C5 
does not recognize PSM'. 

FIG. 6. Demonstration that monoclonal antibodies 7E11- 
C5 and 3F5.4G6 recognized an identical 120 IcDa protein. 
PSMA from an LNCaP lysate was immunoprecipitated by 
monoclonal antibody 3F5.4G6, the proteins in the immuno- 
precipitate were .separated on a SDS gel, transferred to 
Immobilon P and probed in a Western blot with monoclonal 
antibody 7E11-C5. Lane l»LNCaP lysate control and 
probed with 7E 11 -C5; Lane 2-3F5.4G6 immunoprecipita- 
tion. 

FIGS. 7 A & B Demonstration by FACS analysis of 
3F5.4G6 monoclonal antibody recognition of live LNCaP 
cells illustrating antibody binding to the extracellular 
domain of PSMA. FIG. 7A represents control with no 
primary antibody; and FIG. 7B represents LNCaP cells 
incubated with 100 //g/ml of 3F5.4G6 prior to FACS analy- 
sis. The shift to the right indicates binding of the antibody to 
the live LNCaP cells. 

FIG. 8. Demonstration of the reactivity of monoclonal 
antibody 3F5.4G6 with PSM' isolated and purified from 
seminal fluid. Lane 1 is LNCaP lysate and Lane 2 is purified 
PSM' from seminal fluid. Proteins were separated on SDS 
polyacrylamide gels and transferred to Immobilon P paper 
and probed with monoclonal antibody 3F5.4G6 by Western 
blot procedures. The protein purified from seminal fluid and 
represented in Lane 2 is of molecular weight 90 kDa, which 
is likely to be a non-glycosylated or partially glycosylated 
product of PSM' having a molecular weight of 105-110 kDa. 

FIG. 9. Demonstration of the reactivity of monoclonal 
antibodies 3D7-1.1 and 4E10-1.14 with native PSMA and 
three PSMA fragments. Microliter 96-well plates were 
coated with native PSMA or one of three bacterially- 
expressed polypeptide fragments of PSMA, and reacted with 
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bybridoma supernatants in the ELISA. While ail three tested 
antibodies showed comparable binding to native PS MA, 
3D-1.1 and 4E10-1.14 reacted strongly with a fragment 
corresponding to an epitope in the extracellular domain of 
PSMA. 

FIG. 10. Western blot analysis of PSMA using mono- 
clonal antibodies 3D7-1.1. Lane l»LNCaP lysate; Lane 
2-»PC-3 lysate; Lane 3«»immunoafi&nity-purified PSMA. 

FIG. 11. Western blot anai>'sis of full-length baculovirus- 
expressed PSMA. Recombinant PSMAwaselectrophoresed 
on SDS-PAGE gel, electroblotled and probed with various 
antibody preparations. 

Lane 1-blank; 

Lane 2=conuol medium (20% FCSin RPMI 1640; 

Lane 3=3D7-1.1 monoclonal antibody; 

Lane 4=3D7-1.2 monoclonal antibody; 

Lane 5=3D7-1.3 monoclonal antibody; 

Lane 6«3D7-1.7 monoclonal antibody; 

Lane 7=3D7-2.7 monoclonal antibody; 

Lane 8=4E10 (parent) monoclonal antibody; 

Lane 9=4E10-1.3 monoclonal antibody; 

Lane 10=4E10-1.14 monoclonal antibody; 

Lane ll=blank; 

Lane 12=blank; 

Lane 13«7E11-C5 monoclonal antibody; 

HGS. 12A-D Demonstration by FACS analysis of 3D7- 
Ll and 4E10-1.14 monoclonal antibody recognition of live 
LNCaP cells, illustrating antibody binding to the extracel- 
lular domain of PSMA. FIG. 12A represents LNCaP cells 
incubated with 4E10-1.14. FIG. 12B represents PC-3 cells 
incubated with 4E10-1.14. FIG. 12C represents LNCaP cells 
incubated with 3D7-1.1. FIG. 12D represents PC-3 cells 
incubated with 3D7-1.1. The different patterns in the shift to 
the right in FIG. 12 A and 12C .suggest that the two anti- 
bodies may recognize different epitopes of PSMA. 

FIG. 13. Detection of PSMA by a two-site capture ELISA 
using two monoclonal antibodies to distinct epitopes of 
PSMA. Serially -diluted immunoafEnity -purified PSMA was 
added to 7Ell-C5-coated 96 well plates and detected by 
incubating with 3D7-1.1 or 4E 10- 1.1 4 supernatants. The 
absorbance at 405 mm was measured in a microplate reader. 
— • ^3D7-1.1; — 4E10-1.14. 

FIG. 14. Detection of PSMA in a variety of biological 
samples by a two-site capture ELISA using 3D7-1.1 and 
4E10-1.14 monoclonal antibodies. 

FIG. 15. Detection of immunoaffinity -purified PSMA 
serially diluted in normal human serum by a two-site capture 
ELISA using 3D7-1.1 and 4E10-1.14 monoclonal antibod- 
ies. 

FIG. 16. Detection of PSMA by an alternate two-site 
capmre ELISA. Serially diluted immunoaflSnity purified 
PSMA was added to 3D 7- 1.1 -coated 96 well plates and 
detected by incubating with biotinylated 7E11-C5 (40 
//g/ml) followed by horse radish peroxidase conjugated 
streptavidin. The absorbance at 405 nm was measured in a 
microplate reader. 7E11-C5 was biotinylated using E-Z link 
Biotinylation kits (Pierce) according to manufacturer's 
instructions. 

FIG. 17. Western blot analysis of LNCaP cell lysate and 
various fractions of a semi-purified PSMA fragment 
(corresponding to amino acids 134 to 750 of full length 
PSMA, SEQ ID NO: 2 expressed as a 1.9 kb insert in a 
baculovirus expression system) probed with tissue culture 
supernatant from the 4E10-1.14 hybridoma. The identifica- 



tion of the protein product from the 1.9 kb construct (amino 
acids 134-750 of PSMA, SEQ ID NO: 2) is noted by the 
arrow. 

Lane 1-Markers; Lane 2-LNCaPceIl crude lysate; Lane 

5 3=Viral pellet, i.e., 100,000 xg pellet of lysed SF9 cells 
infected with baculovirus expressing 1.9 kb PSMA frag- 
ment; Lane 4=100,000 xg supernatant fraction from lysed 
SF9 cells infected with baculovirus expressing 1.9 kb PSMA 
fragment; Lane 5-Flow thru of fraction shown in Lane 4 
after passage through a Ni-NTA matrix; Lane 6=s0.5M NaCl 
elution of Ni-NTA matrix; Lane 7=1M imidazole, pH 7.6 
elution of Ni-NTA matrix; Lane 8=Flow thru of fraction 
shown in Lane 4 after passage through a Ni-NTA matrix; 
Lane 9=0.5M NaCl elution of Ni-NTA matrix; and Lane 
10=»1M imidazole, pH 7.6 elution of Ni-NTA matrix. Also 

55 note in Lane 2 reactivity of 4E10-1.14 monoclonal antibody 
with native full length PSMA expressed in LNCaP ceUs. 

FIG. 18. Western blot of crude lysates of SF9 ceUs 
infected with a baculovirus containing either an irrelevant 
insert of a 1.9 kb insert encoding a portion of PSMA (amino 

20 acids 134-750 of full length PSMA, SEQ ID NO: 2) probed 
with antibody 7E11-C5. Lanes 1,2=MW markers; Lane 
3=irrelevant virus infected SF9 cell lysate; Lane 4-SF9 cell 
lysate; and Lane 5=1.9 kb PSMA insert containing virus 
infected SF9 lysate. Note that no 7E11-C5 positive bands 

„^ were observed with any protein products present in SF9 cells 
or those infected with either virus. 

FIG. 19. Western blot of PSMA and PSM' obtained from 
LNCaP cells, human seminal fluid and human serum probed 
with monoclonal antibody 3D7-1.1. Lane l=LNCaP cell 
lysate; Lane 2=7E11-C5 immunoaffinity purified PSMA 
from LNCaP cells; Lane 3=human seminal fluid; and Lane 
4=human male serum. The positions of PSMA and PSM' are 
indicated. 

FIG. 20. Diagrammatic representation of PSMA and 
PSMA fragments expressed as bacterial fusion proteins. Full 
35 length PSMA is defined as amino acids 1 through 750 of 
SEQ ID NO: 2. PSM' is missing the first 57 amino acids 
which also contains the transmembrane domain (TM, resi- 
dues 20 through 43) of the protein, PSMA fragments utilized 
are composed of amino acids 1 through 173, amino acids 
134 through 437, and amino adds 438 through 750, as 
indicated in the figure and in SEQ ID NO: 2. The antibodies 
are listed below the region of the protein corresponding to 
the approximate location of their binding epitopes. TTie 
lower portion of the figure lists 3 antibodies which were 
found to bind only to native conformations of the protein and 
not denatured protein or protein fragments. Based on immu- 
nocytochemistry and flow cytometry experiments with live 
cells, these epitopes map to the extracellular domain, within 
amino acids 44 through 750 of SEQ ID NO: 2. 

50 5- DETAILED DESCRIPTION OF THE 

INVENTION 

TTie present invention relates to monoclonal antibodies 
specific for the extracellular domain of PSMA, methods of 
using such antibodies and a truncated protein variant, PSM', 
55 identified by such antibodies. Although the specific proce- 
dures and methods described herein are exemplified using a 
C-terminal peptide, a PSMA-expressing tumor membrane 
preparation or purified PSMA to immunize mice, they are 
merely illustrative for the practice of the invention. Analo- 
gy gous procedures and techniques are equally applicable to a 
variety of animal hosts immunized against PSMA in the 
form of protein, peptides, cell surface antigen and crude 
membrane preparations. 

5.1 I IYBRIDOMA CELL LINES AND 
65 ANTIBODY PRODUCTION 

In a specific embodiment by the way of example in 
Section 6, infra, a .synthetic peptide derived from the 
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C-ienninal region of PSI^lAwas used as an immunogen. The 
results show that one antibody designated 3F5.4G6 binds to 
the extracellular domain of PSMA, which is exposed on the 
cell surface of live prostate cancer cells and in the sera of 
prostate cancer patients. Additionally, working examples in 5 
Sections 7 and 8, infra, demonstrate the production of 
additional monoclonal antibodies directed to the extracellu- 
lar domain of PSMA following immunization of animals 
with a PSMA-expressing tumor membrane preparation. In 
this connection, cancer cells such as LNCaP that express 
PSMA, host cells iransfected with PSMA coding sequence, 
purified PSMA, PSM' or PSMA extracellular domain pep- 
tides may be used as immunogen to elicit an immune 
response in animal hosts for the generation of monoclonal 
antibodies specific for the extracellular domain of PSMA. 

Somatic cells with the potential for producing antibody 
and, in particular B lymphocytes, are suitable for fusion with 
a B-cell myeloma line. Those antibody-producing cells that 
are in the dividing plasmablast stage fuse preferentially. 
Somatic cells may be obtained from the lymph nodes, ^Q 
spleens and peripheral blood of antigen-primed animals, and 
the lymphatic cells of choice depend to a large extent on 
their empirical usefulness in the particular fusion system. 
Once-primed or hyperimmunized animals can be used as a 
source of antibody -producing lymphocytes. Mouse lympho- 
cytes give a higher percentage of stable fusions with the 
mouse myeloma lines described below. Of these, the 
BALB/c mouse is preferred. However, other mouse strains, 
rabbit, hamster, sheep and frog may also be used as hosts for 
preparing antibody-producing cells. As reviewed by Coding 
(in Monoclonal Antibodies: Principles and Practice, 2d ed., 
pp. 60-61, Orlando, Fla., Academic Press, 1986), use of rat 
lymphocytes may provide several advantages. 

Alternatively, human somatic cells capable of producing 
antibody, specifically B lymphocytes, are suitable for fusion 35 
with myeloma cell lines. While B lymphocytes from biop- 
sied spleens, tonsils or lymph nodes of individual may be 
used, the more easily accessible peripheral blood B lym- 
phocytes are preferred. The lymphocytes may be derived 
from patients with diagnosed prostate carcinomas. In 40 
addition, human B cells may be directly immortalized by the 
Epstein-Barr virus (Cole et al., 1995, Monoclonal Antibod- 
ies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

Myeloma cell lines suited for use in hybridom a -producing 
fusion procedures preferably are n on- antibody -producing, 45 
have high fusion efficiency, and enzyme deficiencies that 
render them incapable of growing in certain selective media 
which support the growth of the desired hybridomas. 
Examples of such myeloma cell lines that may be used for 
the production of fused cell lines that may be invention, 50 
include P3-X63/Ag8, X63-Ag8.653, NSl/l.Ag 4.1, Sp210- 
Agl4, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7, S194/ 
5XX0 Bui, all derived from mice; R210.RCY3, Y3-Ag 
1.2.3, IR983F and 4B210 derived from rats and U-266, 
GM1500-GRG2, UCR-L0N-HMy2, UC729-6. all derived 55 
from humans (Goding in Monoclonal Antibodies: Principles 
and Practice, 2d ed., pp. 65-66, Orlando, Fla., Academic 
Press, 1986; Campbell, in Monoclonal Antibody 
Technology, Laboratory Techniques in Biochemistry and 
Molecular Biology Vol. 13, Burden and Von Knippcnberg, 60 
eds. pp. 75-83, Amsterdam, Elseview, 1984). 

Methods for generating hybrids of antibody-producing 
spleen or lymph node cells and myeloma cells usually 
comprise mixing somatic cells with myeloma cells in a 2:1 
proportion (though the proportion may vary from about 20:1 65 
to about 1:1), respectively, in the presence of an agent or 
agents (chemical or electrical) that promote the fusion of cell 



membranes. It is often preferred that the same species of 
animal serve as the source of the somatic and myeloma cells 
used in the fusion procedure. Fusion methods have been 
described by Kohler and Milstein (1975, Nature 
256:495^97; 1976, Eur. J. Immunol. 6:511-519), and bv 
Gefier et al. (1977, Somatic Cell Genet. 3:231-236). The 
fusion-promotion agents used by those investigators were 
Sendai virus and polyethylene glycol (PEG), respectively. 
Fusion methods reviewed by Goding (1986, in Monoclonal 
Antibodies: Principles and Practice, 2d ed., pp. 71-74, 
Orlando, Fla., Academic Press), including the above as well 
as electrically induced fusion are also suitable to generate 
monoclonal antibodies of the invention. 

Fusion procedures usually produce viable hybrids at very 
low frequency, about 1x10"* to 1x10"^ somatic cells. 
Because of the low frequency of obtaining viable hybrids, it 
is essential to have a means to select fused cell hybrids from 
the remaining unfused cells, particularly the unfused 
myeloma cells. A means of detecting the desired antibody- 
producing hybridomas among the other resulting fused cell 
hybrids is also necessary. 

Generally, ihe fused cells are cultured in selective media, 
for instance HAT medium containing hypoxanthine, ami- 
nopterin and thymidine. HAT medium permits the prolif- 
eration of hybrid cells and prevents growth of im fused 
myeloma cells which normally would continue to divide 
indefinitely. Aminopterin blocks de novo purine and pyri- 
midine synthesis by inhibiting the production of tetrahydro- 
folaie. The addition of thymidine bypasses the block in 
pyrimidine synthesis, while hypoxanthine is included in the 
media so that inhibited cells synthesize purine using the 
nucleotide salvage pathway. The myeloma cells employed 
arc mutants lacking hypoxanthine phosphoribosyl trans- 
ferase (HPRT) and thus cannot utilize the salvage pathway. 
In the surviving hybrid, the B lympocyte supplies genetic 
information for production of this enzyme. Since B lym- 
phocytes themselves have a limited life span in culture 
(approximately two weeks), the only cells which can pro- 
liferate in HAT media are hybrids formed from myeloma and 
spleen cells. 

To facilitate .screening of antibody secreted by the hybrids 
and to prevent individual hybrids from overgrowing others, 
the mixture of fused myeloma and B lymphocytes is diluted 
in HAT medium and cultured in multiple wells of microliter 
plates. In two to three weeks, when hybrid clones become 
visible microscopically, the supernatant fluid of the indi- 
vidual wells containing hybrid clones is assayed for specific 
antibody. The assay must be sensitive, simple and rapid. 
Assay techniques include radioimmunoassays, enzyme 
immunoassays, cytotoxicity assays, plaque assays, dot 
immunobinding assays, and the like. 

Once the desired fused cell hybrids have been selected 
and cloned into individual antibody-producing cell lines, 
each cell line may be propagated in either of two standard 
ways, A sample of the hybridoma can be injected into a 
histocompatible animal of the type that was used to provide 
the somatic and myeloma cells for the original fusion. The 
injected animal develops tumors secreting the specific 
monoclonal antibody produced by the fused cell hybrid. The 
body fluids of the animal, such as serum or ascites fluid, can 
be tapped to provide monoclonal antibodies in high concen- 
tration. Alternatively, the individual cell lines may be propa- 
gated in vitro in laboratory culture vessels; the culture 
medium, also containing high concentrations of a single 
specific monoclonal antibody, can be harvested by 
decantalion, filtration or centrifugation. 

In addition to the hybridoma technology, monoclonal 
antibodies specific for the extracellular domain of PSMA 
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may be produced by other methods well known in the art. 
For example, molecular approaches using phage display 
technology may be used to express antibody variable regions 
that bind PSMA(U.S. Pat. Nos. 5,223.409; 5,403,484 and 
5,571,698). 5 

Monoclonal antibodies or purified fragments of the mono- 
clonal antibodies having at least a portion of an antigen 
binding region, including such as Fv, F(ab')2, Fab fragments 
(Harlow and Lane, 1988, Antibody, Cold Spring Harbor), 
single chain antibodies (U.S. Pal. No. 4,946,778), chimeric 
or humanized antibodies (Morrison et al., 1984, Proc, Natl. 
Acad. Sci. USA 81:6851; Newuberger ei al., 1984 Nature 
81:6851) and complementarity detemiining regions (CDR) 
may be prepared by conventional procedure. Purification of 
the antibodies or fragments can be accomplished by a 
variety of methods known to those of skill including, pre- 
cipitation by ammonium sulfate or sodium sulfate followed 
by dialysis against saline, ion exchange chromatography, 
affinity or immunoaffinity chromatography as well as gel 
filtration, zone electrophoresis, etc. (see Coding in. Mono- 
clonal Antibodies: Principles and Practice, 2d., pp 104—126, 
Orlando, Fla., Academic Press). 

5.2 CHARACTERlZAnON OF MONOCLONAL 

ANTIBODIES AND PSM' 25 

Using techniques described generally in Section 5.1 supra 
and illustrated in the Sections 6-8, infra, thirty-five hybri- 
doma cell lines were selected because of their production of 
monoclonal antibodies specific for the extracellular domain 
of PSMA. The present invention encompasses the mono- 
clonal antibodies exemplified in Sections 6, 7 and 8, infra, 
as well as other monoclonal antibodies that bind specifically 
to the extracellular domain of PSMA and PSM\ particularly 
including any antibodies that competitively inhibit the bind- 
ing of any one or more of the aforementioned antibodies to 
PSMA as assessed in an enzyme immunoassay, a radioim- 
munoassay or any other competitive binding immunoassay. 

Antibody 3F5.4G6 is an IgM isotype antibody that binds 
specifically to PSMA expressed in prostrate cancer cell 40 
lysates and one the cell surface of prostrate cancer cells, as 
well as in sera obtained from prostrate carcinoma patients. 
In addition, 3F5.4G6 also binds specifically to PSM*. The 
3F5.4G6-reactive PSMA epitope is extracellular, C-terminal 
and distinct from that recognized by 7E11-C5 (Horoszewicz 45 
et al.. Anticancer Res. 7:927-936) which is membrane 
associated in the cytoplasm of the cell. Antibodies 3D7-1.1 
and 4E10-1.14 are also IgM antibodies and bind to PSMA 
expressed in prostrate cancer cell lysates and on the cell 
surface. These antibodies may be used to detect both pri- 50 
mary prostrate cancer and metastatic tumors such as bone 
metastases of prostate cancer. In addition, thirty-two anti- 
bodies of the IgG isotype have been generated and they are 
specific for epitopes throughout the extracellular domain of 
PSMA. Antibodies of the IgG isotype activate complement- 55 
mediated cytolysis and bind 10 phagocytic cells via their Fc 
region. In addition, their smaller size and stability may allow 
better penetration than IgM in tissues in vivo. 

During the development of an antibody response, 
antibody-producing cells first secrete the IgM isotype which 60 
eventually switches to IgG. Such class switching events 
occur by DNA rearrangement of constant region genes so 
that the same antigen specificity is retained. The different 
antibody isotypes possess different effector functions. For 
example, IgM and all IgG subclasses except IgG4 can fix 65 
complement upon antigen binding. In contrast, IgE binds to 
mast cells in an allergic reaction to trigger histamine release. 



Hybridoma cell lines also produce class switch variants 
during long-term culture. In particular, monoclonal antibod- 
ies switching from IgM to IgG or IgG^ to IgG^^ have been 
selected for their higher affinity for protein A, which facili- 
tates their purification. Any class switch variant may be 
selected for a particular desirable effector function (Spira et 
al., 1985, In Hybridoma Technology in the Biosciences and 
Medicine, ed. Springer, pp. 77—88, Plenum Press, N.Y.; 
Harlow and Lane, 1988 Antibodies, Cold Spring Harbor 
Laboratory). In the case of the exemplified antibodies, since 
a few of them arc of IgM isot>T3C, it is desirable to also select 
for IgG variants that possess the same antigen specificity, 
which may be more useful for certain purposes in vitro or in 
vivo. The present invention encompasses IgG variants of the 
monoclonal antibodies of the invention, including 3F5.4G6, 
3D7-1.1 and 4E10-1.14. 

Sections 6-8, infra, show that the exemplified antibodies 
recognize a 120 kDa molecular weight protein. In particular, 
most of these antibodies also recognize a 105-110 kDa 
molecular weight protein in prostate tumor cell lysates. 
While the 120 kDa protein is also recognized by antibody 
7En-C5, the lower molecular weight protein is detected 
only by the antibodies of the invention. Therefore, the 
105-110 kDa protein represents the product of a mRNA 
known as PSM'. However, prior to the present invention, a 
PSM' protein was never reported, and it was thought to be 
an untranslated mRNA. Since the amino acid sequence of 
PSM' is presumed to lack the cytoplasmic and transmem- 
brane regions of PSMA as deduced from its RNA sequence, 
it is consistent that 7E11-C5 would not react with this 
product because of its specificity for an intracellular epitope. 
In contrast, antibodies specific for the extracellular domain 
of PSMA also recognize PSM'. 

5.3 CODING SEQUENCES OF PSMA-SPECIFIC 
MONOCLONAL ANTIBODIES 

In another embodiment of the invention, the exemplified 
hybridoma cell lines may be used to produce compositions 
comprising an antigen binding site or antibody variants 
which combine the murine variable or hypervariable regions 
with the human constant region or constant and variable 
framework regions, i.e., chimeric or humanized antibodies 
as well as humanized antibodies that retain only the antigen- 
binding CDRs from the parent antibody in association with 
human framework regions (see, Waldmann, 1991, Science 
252:1657, 1662, particularly 1658-59 and reference cited 
therein). Such chimeric or humanized antibodies retaining 
binding specificity of the murine antibody are expected to 
have reduced immunogenicity when administered in vivo 
for diagnostic, prophylactic or therapeutic applications 
according to the invention. 

In yet other embodiments, the invention encompasses the 
use of the hybridoma cell fines as a source of DNA or mRNA 
encoding for the rearranged, activated immunoglobulin 
genes, which may be isolated, cloned by known recombinant 
DNA techniques and transferred to other cells for the 
production of antigen binding fragments specific for the 
extracellular domain of PSMA. By isolating rearranged 
DNA or preparing cDNA from the messenger RNA of the 
hybridoma cell line of the invention, a sequence free of 
introns may be obtained. 

To illustrate, and not by way of limitation, an immunoex- 
pression library can be prepared and screened for antibody 
binding fragments for PSMA and PSM' as follows (See, 
Huse et al., 1989, Sci. 246:1275-1281; MuIUnax et al., 1990, 
Proc. Natl Acad. Sci. USA 87:8045-8099). Total RNA can 
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be purified (e.g., using commercially available kits) and 
converted to cDNA using an oligo (dT) prinaer for the light 
(L) chain and a specific primer for the beav>' (H) chain using 
reverse transcriptase. Polymerase chain reaction (PGR) 
amplification of the immunoglobulin H and L chain 
sequences can be done separately with sets of primer pairs. 
Upstream primers can be designed to hybridize to partially 
conserved sequences in the leader and/or framework regions 
of or and downstream primers can be designed to 
hybridize to constant domain sequences. Such primers 
would preserve full length L chain and provide H chains 
corresponding to the Fd of IgG and conserving the H-L 
disulfide bonds. The PGR amplified L and H DNA fragments 
are then digested and separately ligated into H and L chain 
vectors. Such vectors contain a pelB leader sequence, a 
ribosome binding site and stop codons. Suitable h phage 
vectors for expression in £. coli can be prepared from 
commercially available vectors (ImmunoZAP L, Immu- 
noZAP H; Stratacyte, La Jolla, Calif.). The ligated recom- 
binant phage DNA is incorporated into bacteriophage with 
in vitro packaging extract and used to infect £. coli. The 
immunoexpression library thus created is screened for anti- 
gen binding fragments using PS MA, PSM* or a specific 
peptide thereof. Positive clones can be screened and iden- 
tified as described by Mullinax ei al. (supra). 

5.4 USES OF PSMA EXTRACELLULAR 
DOMAIN-SPECIFIC ANTIBODIES AND 
ANTIBODY COMPOSITIONS 

Although the specific procedures and methods described 
herein are exemplified using the monoclonal antibodies of 
the invention, they are merely illustrative for the practice of 
the invention. Purified fragments of the monoclonal anti- 
bodies having at least a portion of the antigen -binding 
region, including Fv, F(ab')2, Fab fragments, single chain 
antibodies, chimeric or humanized antibodies or CDRs can 
be used in the procedures and methods described below 
according to the present invention. 

5.4.1 IMMUNOHISTOLOGICAL AND 
IMMUNCYTOLOGICAL APPLICATIONS 

Monoclonal antibodies of the present invention can be 
used to detect prostrate carcinoma cells in histological and 
cytological specimens, and, in particular, to distinguish 
malignant tumors from normal tissues and non-malignant 
tumors. Tissue specimens may be stained by the antibodies 
and their binding detected by a second antibody conjugated 
to a label such as peroxidase, fluorescein, alkaline 
phosphatase, and the like. 

In addition, immunofluorescence techniques can use the 
monoclonal antibodies of the present invention to examine 
human tissue, cell and bodUy fluid specimens. In a typical 
protocol, slides containing cryostat sections of frozen, 
unfixed tissue biopsy samples or cytological smears arc air 
dried, formalin or acetone fixed, and incubated with the 
monoclonal antibody preparation in a humidified chamber at 
room temperature. 

The slides are then washed and further incubated with a 
preparation of antibody directed against the monoclonal 
antibody, usually some type of anti-mouse immunoglobulin 
if the monoclonal antibodies used are derived from the 
fusion of a mouse spleen lymphocyte and a mouse myeloma 
cell line. This anti-mouse immunoglobulin is tagged with a 
compound, for instance rhodamine or fluorescein i 
isothiocyanate, that fluoresces at a particular wavelength. 
The staining pattern and intensities within the sample are 



then determined by fluorescent light microscopy and option- 
ally photographically recorded. 

As yet another alternative, computer enhanced fluores- 
cence image analysis or flow cytometry can be used to 
examine tissue specimens or exfoliated cells, i.e., single cell 
preparations from aspiration biopsies of protein tumors 
using the monoclonal antibodies of this invention. The 
monoclonal antibodies of the invention are particularly 
useful in quantitation of live mraor cells, i.e., single cell 
' preparations from aspiration biopsies of prostate tumors by 
computer enhanced fluorescence image analyzer or with a 
flow cytometer. The antibodies of the invention are particu- 
larly useful in such assays to differentiate benign from 
malignant prostate tumors since PSMA to which the mono- 
clonal antibodies bind is expressed in increased amounts by 
malignant tumors. The percent PSMA positive cell 
population, alone or in conjunction with determination of 
the DNA ploidy of these cells, may, additionally, provide 
very useful prognostic information by providing an early 
indicator of disease progression. 

In yet another alternative embodiment, the monoclonal 
antibodies of the present invention can be used in combi- 
nation with other known prostate antibodies to provide 
additional information regarding the malignant phenotype of 
a prostate carcinoma. 

5.4.2 IMMUNOSEROLOGICAL APPLICATIONS 

The use of the monoclonal antibodies of the invention can 
be extended to the screening of human biological fluids for 
the presence of the specific antigenic determinants recog- 
nized. In vitro immunoserological evaluation of biological 
fluids withdrawn from patients thereby permits non -invasive 
diagnosis of cancers. By way of Ulustration, human bodily 
fluids such as prostatic fluid, seminal fluid, whole blood, 
serum or urine can be taken from a patient and assayed for 
the specific epitope, either as released antigen or membrane- 
bound on cells in the sample fluid, using monoclonal anti- 
bodies specific for the extracellular domain of PSMA and 
PSM' in standard radioimmunoassays or enzyme-linked 
immunoassays, competitive binding enzyme-linked 
immunoassays, dot blot or Western blot, or other assays 
known in the art. 

In addition, a more sensitive diagnostic assay for PSMA 
or PSM' protein can be developed through the use of 
monoclonal antibodies directed to non-overlapping epitopes 
on PSMA and PSM'. Antibodies specific for opposite ends of 
PSMA such as 7E11-C5 and the antibodies of the invention 
are particularly suitable for use in such an assay. In this 
regard, one antibody may be anchored to a substrate to 
capture PSMA or PSM' in a biological fluid, while the other 
antibody is used to detect the antibody -bound antigen. Also, 
since the expression of PSMA and PSM' is increased in 
prostate cancer and normal prostate tissues, respectively, 
antibodies that distinguish these two forms may be used to 
provide a more accurate way to monitor tumor regression 
versus progression, following treatment. Since most anti- 
bodies of the invention recognize both forms, but 7E11-C5 
only binds to PSMA, the.se antibodies may be used in 
conjunction to determine the precise levels of each form in 
a patient, thereby correlating their amounts with tumor 
burden. For example, 7E11-C5 may be used as an anchored 
antibody in a two-site capture assay, and any one of the other 
extracellular domain -specific antibodies may be used as a 
detection antibody to quantitatc PSMA. On the other hand, 
any combination of two of the PSMA extracellular domain- 
specific antibodies may be used in a similar two-site capture 
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assay to specifically measure total PSM' plus PSMA con- 
centrations. A simple subtraction of PSMA from total PSMA 
and PSM* specifically quantitates PSM'. 

In addition to the detection of extracellular domain PSMA 
and PSM' by a monoclonal antibody in tissues and bodily ^ 
fluids, NAALADase enzyme activity measurements can be 
utilized to quantitate extracellular domain PSMA and/or 
PSM' in tissues and/or bodily fluids. 

For example, tissue levels can be detennined by detergent 
solubilizing homogenizing tissues, peUeting the insoluble 
material by centrifugation and measuring the NAALADase 
activity in the remaining supernatant. Likewise, the 
NAALADase activity in bodily fluids can also be measured 
by first pelleting the ceUular material by centrifugation and 
performing a typical enzyme assay for NAALADase activity 
on the supernatant. 

NAALADase assay protocols taking advantage of anti- 
body binding specificities can also be applied. For example, 
solid surfaces coated with either 7E11-C5, or the antibodies 
of the invention could be used to capture the PSMA or PSM' 
protein for detection using a NAALADase enzyme assay. 
Thus, this may be used to differentially detect and quantitate 
full length PSMA protein and PSM' in a specimen given that 
an extracellular do ma in -specific antibody binds to both 
PSMA and PSM', whereas 7E11-C5 would only bind to 
PSMA. 

More convenient NAALADase enzyme assays, taking 
advantage of the reaction properties of glutamate dehydro- 
genase may also be applied (Frieden, 1959, J. Biol, Chem., 3Q 
234:2891). In this assay, the reaction product of the 
NAALADase enzyme is glutamic acid. This is derived from 
the enzyme catalyzed cleavage of N-acetylaspartylglutamate 
to yield N-acetylaspartic acid and glutamic acid. Glutamic 
acid, in a NAD(P)''" requiring step, yield 2-oxoglutarate plus 35 
NAD(P)H in a reaction catalyzed by glutamate dehydroge- 
nase. Progress of the reaction can easily and conveniently be 
measured by the change in absorbance at 340 nm due to the 
conversion of NAD(P)* to NAD(P)H. Thus, improvements 
to the assay of NAALADase activity applicable to a solid 
phase format with immobilized capture antibodies can be 
achieved. In this way, multiple assays can be conducted 
simultaneously in a microplate reader based upon the absor- 
bance change at 340 nm before and after addition of NAD"'' 
or NADP*. It would not be restricted to solid phase assays, 45 
as solution assays of, e.g., serum would also be possible with 
this type of NAALADase assay. 

Kits containing the monoclonal antibodies of the inven- 
tion or fragments thereof can be prepared for in vitro 
diagnosis, prognosis and/or monitoring prostate carcinoma 50 
by the immuno histological, immunocytological and immu- 
noserologicai methods described above. The components of 
the kits can be packaged either in aqueous medium or in 
lyophilized form. When the monoclonal antibodies (or frag- 
ments thereof) are used in the kits in the form of conjugates 55 
in which a label moiety is attached, such as an enzyme or a 
radioactive metal ion, the components of such conjugates 
can be supplied either in fully conjugated form, in the form 
of intermediates or as separate moieties to be conjugated by 
the user or the kit. 50 

A kit may comprise a carrier being compartmentalized to 
receive in close confinement therein one or more container 
means or series of container means such as test tubes, vials, 
flasks, bottles, syringes, or the Uke. A first of said container 
means or series of container means may contain the mono- 65 
clonal antibody (or fragment thereof) or PSMA or PSM'. A 
second container means or series of container means may 



contain a label or linker-label intermediate capable of bind- 
ing to the primary antibody (or fragment thereof), PSMA or 
PSM'. 

5.4.3 IN VIVO DIAGNOSTIC, PROPHYLACTIC 
AND THERAPEUTIC USES 

The monoclonal antibodies or fragments thereof of this 
invention are particularly useful for targeting prostate cancer 
cells in vivo. They can be used for tumor localization for 
detection and monitoring as well as for therapy of primary 
prostate carcinoma and metastases. For these in vivo 
applications, it is preferable to tise purified monoclonal 
antibodies or purified fragments of the monoclonal antibod- 
ies having at least a portion of an antigen binding region, 
including such as Fv, F(ab')2, Fab fragments (Harlow and 
Lane, 1988, Antibody Cold Spring Harbor), single chain 
antibodies (U.S. Pat. No. 4,946,778), chimeric or humanized 
antibodies (Morrison et al., 1984, Proc. Natl. Acad. Sci. USA 
81:6851; Ncwubcrger ct ai., 1984 Nature 81:6851), CDR, 
and the like. Purification of the antibodies or fragments can 
be accomplished by a variety of methods known to those of 
skill including, precipitation by ammonium sulfate or 
sodium sulfate followed by dialysis against saline, ion 
exchange chromatography, afiSnity or immunoaffinity chro- 
matography as well as gel filtration, zone electrophoresis, 
etc. (see Goding in. Monoclonal Antibodies: Principles and 
Practice, 2d ed., pp. 104-126, Orlando, Fla., Academic 
Press). 

For use in in vivo detection and/or monitoring of prostate 
carcinoma, the purified monoclonal antibodies can be 
covalently attached, either directly or via linker, to a com- 
pound which serves as a reporter group to permit imaging of 
specific tissues or organs following administration and local- 
ization of the conjugates or complexes. A variety of different 
types of substances can serve as the reporter group, includ- 
ing such as radiopaque dyes, radioactive metal and non- 
metal isotopes, fluorogenic compounds, fluorescent 
compounds, positron emitting isotopes, non-paramagnetic 
metals, etc. 

For use in in vivo therapy of prostate carcinoma, the 
purified monoclonal antibodies can be used alone or 
covalently attached, either directly or via linker, to a com- 
pound which kills and/or inhibits proliferation of the malig- 
nant cells or tissues following administration and localiza- 
tion of the conjugates. When the antibody is used by itself, 
it may mediate tumor destruction by complement fixation or 
antibody-dependent cellular cytotoxicity. Alternatively, the 
antibody may be administered in combination with a che- 
motherapeutic drug to result synergistic therapeutic effects 
(Baslya and Mendelsohn, 1994 Breast Cancer Res. and 
Treatment 29:127-138). A variety of different types of 
substances can be directly conjugated to the antibody for 
therapeutic uses, including radioactive metal and non-metal 
isotopes, chemolherapeutic dmgs, toxins, etc. (Vitetta and 
Uhr, 1985. Annu. Rev. Immunol. 3:197). 

According to an alternative embodiment, for in vivo 
therapy of prostate carcinoma the monoclonal antibodies of 
the present invention can be modified to be in the form of a 
bifunctional or bispecific antibody, i.e., an antibody having 
an antigen-binding region specific for the extracellular 
domain of prostate specific membrane antigen and an 
antigen-binding region specific for an effector cell which has 
tumorcidal or tumor inhibitory activity. The two antigen 
binding regions of the bispecific antibody arc either chemi- 
cally linked or can be expressed by a cell genetically 
engineered to produce the bispecific antibody. (See 
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generally, Fanger et al., 1995 Drug News & Perspec. 8(3) 
: 133-137). Suitable effector ccUs having tumorcidal activity 
include but are not limited to cytotoxic T-cells (primarily 
CG8* cells), natural killer cells, etc. An effective amount of 
a bispecific antibody according to the invention is adminis- 5 
tered to a prostrate cancer patient and the bispecific antibody 
kills and/or inhibits proliferation of the malignant cells after 
localization at sites of primary or metastic tumors bearing 
PSMA. 

Methods for preparation of antibody conjugates of the ^0 
antibodies (or fragments thereof) of the invention useful for 
detection, monitoring and/or therapy are described in U.S. 
Pat. Nos. 4,671,958; 4,741,900 and '4,867,973. 

Antibodies and antigen -binding antibody fragments may 
also be conjugated to a heterologous protein or peptide by 
chemical conjugation or recombinant DNA technology. The 
resultant chimeric protein possesses the antigen -binding 
specificity of the antibody and the function of the heterolo- 
gous protein. For example, a polynucleotide encoding the 
antigen binding region of an antibody specific for the 
extracellular domain of PSMA can be genetically fused to a 
coding sequence for the zeta chain of the T cell receptor. 
After expressing this construct in T cells, the T cells are 
expanded ex vivo and infused into a prostate cancer patient. 
T cells expressing this chimeric protein are specifically 
directed to tumors that express PSMA as a result of the 
antibody binding specificity and cause tumor cell killing. 
Alternatively, an antibody is fused to a protein which 
induces migration of leukocytes or has an affinity to attract 
other compounds to a tumor site. A specific protein of this 
type is streptavidin. The binding of a streptavidin- conju- 
gated antibody to a tumor cell can be followed by the 
addition of a biotinylated drug, toxin or radioisotope to 
cause tumor specific killing. 

Kits for use with such in vivo tumor localization and ^ 
therapy method containing the monoclonal antibodies (or 
fragments thereof) conjugated to any of the above types of 
substances can be prepared. The components of the kits can 
be packaged either in aqueous medium or in lyophilized 
form. When the monoclonal antibodies (or fragments 
thereof) are used in the kits in the form of conjugates in 
which a label or a therapeutic moiety is attached, such as a 
radioactive metal ion or a therapeutic drug moiety, the 
components of such conjugates can be supplied either in 
fully conjugated form, in the form of intermediates or as 
separate moieties to be conjugated by the user of the kit. 

6. EXAMPLE 

PRODUCnON OF A MONOCLONAL 50 
ANTIBODY AGAINST A PSMA PEPTIDE 

6.1 MATERIALS AND METHODS 

6.1.1 PREPARATION OF IMMUNIZING PEPTIDE 
PSMA peptide #716-723 (NH.-ESKVDPSK-) (SEQ ID 55 

NO:l) was coupled to keyhole limpet hemocyanin (KLH) as 
a carrier using the EDC method of Pierce (Rockford, 111.). 
The peptide-KLH complex was emulsified in incomplete 
Freud*s adjuvant (Sigma, St. Louis, Mo.) containing 1 
mg/ml muramyl-dipeptide (MDP, Pierce, Rockford, 111.) at a go 
final concentration of 250 //g/ml. The emulsified antigen 
preparation was stored at 4** C. 

6.1.2 IMMUNIZATION 

BALB/c female mice were immunized subcutaneously 
with 0. 1 ml of the emulsified peptide carrier-complex every 65 
fourteen days for a period of six weeks. The mice were bled 
and their sera were tested in a peptide -specific radioimmune 
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assay (RIA) for the presence of anti-pcptide antibodies. 
Mice that tested positive for anti-peptide antibodies with a 
liter of 1:1,000 or greater were used as donors in a fusion 
protocol. TTiree days prior to fusion, the mice were immu- 
nized intraperitoneally with 50 //g of peptide-KLH complex 
dissolved in saline. 

6.1.3 CELL FUSION 

Three days following the final boost with the same 
peptide-KLH complex, the spleen of a BALB/c mouse was 
aseptically removed and a single cell suspension was pre- 
pared. The red blood cells were lysed by osmotic shock and 
the remaining lymphocytes were suspended in RPMI-1640 
medium. The splenocytes were mixed with P3X63Ag8U.l 
(X63) myeloma cells (CRL 1597 from ATCC, Rockvillc, 
Md.) at a ratio of 10:1 (100X10* splenocytes: 10X10* X63 
myeloma cells). Fusion of the splenocytes of X63 cells was 
performed by the method of Galfre and Milstein (1981, 
Methods in Enzymology, Vol. 73, Immunochemical 
Techniques, Part B). Hybridoma cells were selected by the 
inclusion of aminopterin in the cell culture medium (RPMI- 
1640-20% fetal calf scrum). 

6.1.4 SCREENING OF PRIMARY HYBRIDOMAS 
Fifty microliters (id) of cell culture supernatant were 

removed from individual hybridoma cultures and tested in a 
pcptide-spccitic RIA for the presence of pcptidc-specific 
antibodies. Briefly, the super natants were added to wells of 
a 96-well Pro-Rind plate (Falcon) that had previously been 
coated with peptide coupled to bovine serum albumin (BSA) 
at 50//g/ml. Following an overnight incubation at 4** C., the 
plates were washed four limes with PBS-0.1% BSA. Fifty 
microliters of a 1:500 dilution of rabbit anti-mouse IgM and 
IgG (ICN) were added to each well and the plates were 
incubated for 1 hour at room temperature. The plates were 
washed four times as above and 50 /d of ^*^I-Protein A was 
added to each well. The plates were incubated for 1 hour at 
room temperature and washed 4 times as above. The plates 
were exposed to autorad film (Kodak, X-OMAT) overnight 
and developed. Positive wells were selected and the cells 
were expanded in cell culture medium for further testing. 

6.1.5 WESTERN BLOT SCREENING 
Supernatants from the positive and expanded wells were 

tested in a Western blot assay for anti-PSMA antibodies. 
Lysates from the LNCaP tumor cell fine (CRL 1740 from 
ATCC, Rockville. Md.), a prostate tumor that expresses 
PSMA, were run on a SDS-polyacrylamide gel for 90 
minutes at 175 volts. The electrophoresed proteins were 
elect roblolted to an Immobilon-P™ membrane and the 
membrane was blocked by an overnight incubation with 5% 
BLO rrO in 1 ns-buffcred saline. The membrane was placed 
in a Bio-Rad multi-screen apparatus (Bio-Rad) and approxi- 
mately 650 ;/l of hybridoma supernatant were pipetted into 
individual lanes. The membrane was incubated for 90 min- 
utes at room temperature and the blot was washed 5 times 
with Tris-buffered saline -0.5% Twcen-20 (TBS-T). The 
washed blot was incubated with a 1:5,000 dilution of 
peroxidase-labelled goat anti-mouse IgG (Kirkegaard and 
Perry Laboratories, Gaithersburg, Md.). for 1 hour at room 
temperature. The blot was washed 5 times as above and 
incubated for 1 minute with 2 ml of LumiGLO™ chemilu- 
minescent substrate (KPL, Gaithersburg, Md.). The blot was 
exposed to autorad film and developed. Positive hybridoma 
wells (anti-PSMA reactivity) were identified and selected for 
further development. 

6.1.6 LIMITING DILUTION CLONING 

The positive primary hybridoma wells identified by their 
reactivity to PSMA in the Western blot assay described 
above were cloned by limiting dilution. The cells were 
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adjusted to 1 cell/ml in complete cell culture medium 
containing syngeneic thymocytes as a feeder cell population. 
The cell suspension was dispensed in 200 wl aliquots into the 
wells of a 96-well plate. Following 7-10 days of culture, 
colonies of cells were visible. Wells containing single colo- 5 
nies were picked and the cells were expanded in 24-well 
plates (1.5 ml cultures). Supcrnatants from the clonal cells 
were harvested and tested for anti-PSMA antibodies in the 
Western blot assay described above. Positive clones were 
expanded and frozen in hquid nitrogen. 

6.1.7 GENERAnON OF ASCITES FLUID AND ANTI- 
BODY PURinCAnON 

BALB/c mice were primed with 0.4 ml pristane in trap- 
eritoneaUy 7—10 days prior to the injection of 10x10^ 
hybridoma cells. The ascites fluid containing monoclonal 
antibody was drained at periodic intervals and stored at 4° C. 
Tlie monoclonal antibody was purified from ascites fluid 
using the ImmunoPure""^^ IgM Purification Kit from Pierce 
(Rockford, 111.). 

6.1.8 IMMUNOPRECIPITATION OF PSMA 20 
Approximately 10x10** LNCaP tumor cells were incu- 
bated with 1 ml of NP-40 lysis buffer (150 mM NaCl, 1% 
NP-40, 50 mM Tris) for 30 minutes at 4° C. The lysate was 
centrifuged at 12,000 rpm and the resultant supernatant was 
precleared by incubating with 50 ^\ of normal mouse serum 25 
for 30 minutes followed by the addition of 60 of a 20% 
siLSpension of anti-mouse IgM agarose beads. Following 
incubation for 1 hour at 4** C, the preparation was centri- 
fuged to remove the beads and the resultant supernatant was 
reacted with 3F5.4G6 monoclonal antibody. Varying 30 
amounts of 3F5.4G6 monoclonal antibody (2.5, 5, and 10 
//g) was added to three replicate lysates and incubated for 1 
hour at 4° C. One-hundred microliters of a 10% suspension 

of anti-mouse IgM agarose beads (Sigma) were added and 
the lysates were incubated for an additional hour at 4° C. The 35 
lysates were centrifuged at 12,000 rpm and the agarose 
beads were washed three times with NP-40 lysis buffer 
Thirty microliters of electrophoresis sample buffer were 
added to the beads and they were heated for ten minutes at 
95° C. The beads were centrifuged briefly at 12,000 rpm and 40 
the sample buffer was loaded onto an SDS-poIyacrylamide 
gel. Following electrophoresis, the samples were electrob- 
lotted as described above and a Western blot was performed 
using he PSMA-specific monoclonal antibody 7E11-C5 as 
the reporting antibody. 45 

6.1.9 FLOW CYTOMETRIC ANALYSIS 

CeUs were first rinsed with phosphate buffered saline 
(PBS). Versene (0.2 g EDTA.4Na/L) solution (2 ml for a 75 
cm^ flask) was added. Most of the Versene solution were 
removed by aspiration prior to incubation at room tempera- 50 
ture for 5 minutes. PBS was added and the cells were 
dislodged by pipetting. The cells were washed twice with 
PBS and counted. Five hundred thousand to one million 
cells were incubated on ice with 50 /4 primary antibody for 
30 minutes, followed by two washed with PBS. The cells 55 
were subsequently incubated on ice with 50 FITC- 
labelled secondary antibody (goat-antimouse IgG for 7E11- 
C5 or goat-anii-mouse IgM for 4G6) for 30 minutes. Excess 
secondary antibody was wa.shed off the cells with PBS. 
Fluorescence was analyzed using a flow cytometer 60 
(FACScan, Becton Dickinson, San Jose, Calif.). Cell debris 
were excluded from the cell populations which were ana- 
lyzed based on their forward and side scatter profiles. 

6.1.10 SERUM ASSAYS BY WESTERN BLOT 

Serum samples were diluted 1:7 in lysis buffer (1% Triton 65 
X-100, 50 mM HEPES, 10% glycerol, 15 mM MgCl^, 1 mM 
AEBSF, 1 mM EGTA). LNCaP lysate was dduted 1:35 in 
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lysis buffer. The diluted samples were then combined at a 
ratio of 2:3 with sample buffer (SDS reducing buffer). 
Samples (20 «1) were run on 8.5% SDS-PAGE (final protein 
concentration of 93 mg per sample, as determined using the 
Bio-Rad Protein Assay), and the separated proteins were 
blotted on PVDF membrane for one hour at 90 volts. 
Membranes were then blocked overnight in 5% milk-TBS. 
The next day, the membranes were probed with 3 /ig/ml 
7E11-C5 antibody in TBS-T for one hour, washed 5 times 
for five minutes in TBS-T, and probed with 167 ng/'ml sheep 
anti-mouse horse radish peroxidase-labeled secondary anti- 
body in TBS- T for 30 minutes. Again, the membranes were 
washed 5 times for five minutes each in TBS-T and the 
membranes developed using Chemilmninescent Substrate 
Kit (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, 
Md.) (Rochon et al., 1994, The Prostate 25:219-223). 

Blots were visualized by exposing X-ray film, revealing a 
protein band of approximately 120 kD. The blot image was 
scanned with a Microtek ScanMaker IIHR scanner and band 
intensities measured by "analysis performed on a Macintosh 
Quadra 605 computer using the public domain NIH image 
program (written by Wayne Rasband at the U.S. National 
Institutes of Health and available form the Internet by 
anonymous ftp from zippy nimh.nih.gov or on floppy disk 
from NTIS, 5285 Port Royal Rd., Springfield, Va. 22161, 
part number PB93-504868)". AH patient samples were 
assessed against a healthy normal donor sample, and a 
prostate cancer patient sample with a high PSMA, from the 
same Western blot as standard controls, 

6.1.11 DETECTION OF PSM' ENZYMATIC ACTIVITY 

One hundred ml of human semen were collected from 
paid donors under the WHO guidelines for fertility testing. 
The cellular material was pelleted by centrifugation at 
10,000 rpm for 30 minutes and the supernatant carefully 
removed and dialyzed overnight against two changes of 20 
mM Tris buffer, pH 7.6. The dialysate was centrifuged again 
at 10,000 rpm and loaded onto a DEAE sephacryl coliunn 
which was previously washed with 20 mM Tris buffer, pH 
7.6. The loaded column was then washed again with 500 ml 
of the same buffer and the proteins separated by applying a 
20 mM to 200 MM Tris buffer gradient at pH 7.6. Fractons 
of 5 ml were collected. PSMA presence in each fraction was 
determined by Western dot blot using the monoclonal anti- 
body 7E11-C5. Fractions containing 7E11-C5 reactive pro- 
tein bands were pooled and precipitated using 70% ammo- 
nium sulfate. TTie precipitated proteins were pelleted by 
centrifugation at 10,000 rpm for 30 minutes and then resus- 
pended in 1 liter of 200 mM Tris buffer, pH 7.6. The 
solubilized proteins were then dialyzed overnight against 
two changes of 20 mM Trist buffer, pH 7.6. The dialyzed 
material was then loaded onto a prewashed Sephacryl col- 
umn and the proteins cluted, three ml fractions were col- 
lected. A Western dot blot was performed on the eluted 
protein using the monoclonal antibody 3F5.4G6. Fractions 
88-96 were positive and each of these fractioas was tested 
for purity by SDS polyacrylamide gel electrophoresis. 

6.2 RESULTS 

In order to generate monoclonal antibodies to the extra- 
cellular domain of PSMA, several regions of the protein 
were analyzed with respect to their relative hydrophiliciiy 
based on the Ilopp and Woods method (1983, Mol. Immu- 
nol. 20:483^89). 

Table 1, below, illastrates the relative hydrophilicity of 
several peptides examined. In particular, a peptide having 
the sequence of ESKVDPSK (Glu-Ser-Lys-Val-Asp-Pro- 
Ser-Lys) (SEQ ID NO: 1) was synthesized corresponding to 
amino acid residue numbers 716-723 of SEQ ID NO: 2 in 
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the C-terminal region of PSMA. Addiiionally, other portions 
of the extracellular domain as shown in Table 1 or the entire 
extracellular domain itself could be used to produce anti- 
bodies to the extracellular domain. In contrast, two amino 
acid peptides corresponding to residue #44—58 and residue 
#196-213 of SEQ ID NO: 2 induced anti-peptide antibody 
responses that did not bind to native PSMA. 

TABLE 1 



Relati\*e hvdrophiiicitv of PSMA peptides 


PEPTIDE 
(amino acid # of SEQ ID 
NO: 2) 


RELATIVE 
irVT)ROPHIUCITY 


63-69 


1.41 


183-192 


1.24 


404-414 


1.45 


479-486 


1.5 


716-723 


1.39 



Prior to immunization, the peptide ESKVDPSK (SEQ ID: 
NO 1) were first conjugated to KLH as a carrier. Mice were 
then immunized and boosted wit the same conjugated male- 
rial at weekly intervals. Spleens of animals with a detectable 
anti-peptide serum titer were isolated and fused with 
myeloma cells. 

Initial screenings were performed by binding assays using 
peptide-bound-BSA as antigen. Fifty wl of cell culture super- 
natant were removed from individual hybridoma cultures 
and tested in a peptide-specific radioimmunoassay for the 
presence of peptide-specific antibodies. Briefly* the super- 
natants were added to wells of a 96 well Pro-Bind plate that 
had previously been coated with peptide coupled to bovine 
serum albumin (BSA). Following an overnight incubation at 
4° C, the plates were washed with PBS. Fifty ^\ of a 1:500 
dilution of rabbit anti-mouse IgM and IgG were added to 
each well and the plates incubated for 1 hr at room tem- 
perature. The plates were then washed 4X and 50 /d of 
^^^I-Protein A was added to each well. The plates were 
incubated for 1 hr at room temperature and washed 4X as 
above. The plates were exposed to autorad film overnight 
and developed. Positive wells were selected and the cells 
were expanded in cell culture medium for further testing. 
Among the positive wells identified, one hybridoma desig- 
nated 3F5 was further tested in a Western blot assay and its 
secreted antibody was shown to react with PSMA contained 
in LNCaP lysates. LNCaP cells were cultured as described 
by Horoszewicz et al. (1983, Cancer Res. 43:1809-1818), 
and the lysates prepared as described by Rochon et al. (1994, 
Prostate 25:219-223). The 3F5 hybridoma cells were cloned 
by limiting dilution, expanded in numbers and retested in a 
Western blot assay. A subclone of the antibody referred to as 
3F5.4G6 reacted with a protein of 120 kDa molecular weight 
in the LNCaP lysates (FIG. 2). This antibody was isotypcd 
as an IgM. ISOStrip obtained from Boehringer Mannheim 
for isotyping mouse monoclonal antibodies was used for 
determining the isotype of 3F5.4G6. The monoclonal anti- 
body was diluted 1:100 in PBS and the diluted sample (150 
//I) added to a development tube supphed with the kit and 
incubated for 30 seconds at room temperature and then 
agitated briefly. The isotype strip was then inserted into the 
tube and developed for 5 minutes. A blue band appeared in 
either the lambda or kappa section of the strip as well as in 
one of the class or subclass sections. Monoclonal antibody 
3F5.4G6 was identified as an IgM isotype. 

Monoclonal antibody 3F5.4G6 was further tested against 
sera taken from state D2 prostate cancer patients in 



progression, using monoclonal antibody 7E11-C5 as a con- 
trol (FIG. 3). Both antibodies identified a band of about 120 
kDa molecular weight (FIG. 3). An additional Western blot 
assay of LNCaP cells using the 3F5.4G6 monoclonal anti- 
body was performed using a secondary antibody specific for 
IgM (FIG. 4). While monoclonal antibody 7E11-C5 recog- 
nized a single band of about 120 kDa. i.e., PSMA, 3F5.4G6 
recognized a similar molecular weight band as well as a 
band of about 105-110 kDa. This band corresponds to the 
predicted protein form of PSM', and demonstrates the utility 
of an antibody that specifically recognizes the extracellular 
domain of both PSMA and PSM'. 

llie reactivity of 7E11-C5 with a protein of 120 kDa in the 
sera of prostate cancer patients was antibody-specific, and 
15 not due to the non-specific reactivity of the secondary 
antibody with serum proteins in general. In a Western blot 
assay, Immobilon P paper containing separated proteins 
derived from serum samples was reacted with either 7E11- 
C5 monoclonal antibody plus secondary antibody coupled to 
20 HRP or to secondary antibody coupled to HRP only. The 
film was exposed for 1 min or overexposed for 45 min in 
order to demonstrate the non -reactivity of the secondary 
antibody with any protein of 120 kDa in sera. The same 
secondary antibody was also used with 3F5.4G6 to detect 
25 the same antigen. Therefore, the 3F5.4G6 monoclonal anti- 
body was specific for PSMA and PSM'. 

FIG. 5 confirms that the protein identified by 7E11-C5 
was also recognized by monclonal antibody 3F5.4G6. In 
addition, monoclonal antibody 3F5.4G6 also recognized a 
30 protein of 105-110 kDa not detected by monoclonal anti- 
body 7E11-C5. This faster migrating protein corresponded 
to PSM'. When the lysate was first precipitated with 7E11- 
C5, and the remaining proteins probed with 7E11-C5, the 
antibody did not detect any protein (Lane 4). In contrast, 
35 when the 7E11-C5 pre-treated lysate was probed with 
3F5.4G6, it detected a protein of about 110 kDa. FIG. 6 
shows that the 120 kDa protein, i.e. PSMA, immunopre- 
cipitated by 3F5.4G6 was also recognized by 7E11-C5. 
FIG. 7A and B demonstrates that monoclonal antibody 
40 3F5.4G6 recognized five LNCaP cells by FACS analysis, 
confirming that 3F5.4G6 recognized the extracellular 
domain of PSMA. Such an antibody recognizing the extra- 
cellular domain of PSMA is particularly useful as a diag- 
nostic and/or therapeutic tool in prostate cancer. 
45 Human seminal fluid was reacted with a PSMA-specific 
antibody and assayed for enzymatic activity. FIG. 8 illus- 
trates that the protein recognized by monoclonal antibody 
3F5.4G6 in Lane 2 is of approximate molecular weight 90 
kDa. While PSM' was shown to have a molecular weight of 
50 1 05-110 kDa in LNCaP lysates, the 90 kDa protein in 
seminal fluids was likely to be a non-glycosylated or par- 
tially glycosylated product of PSM*. Since PSM' contains 
several glycosylation sites, tis lower molecular weight was 
the result of activities by glycosidases in the seminal fluid. 
55 That PSMA was not present in this purified preparation is 
illustrated by the fact that 3F5.4G6 recognized a protein of 
molecular weight 120 kDa (Lane 1) present in a lysate of 
LNCaP cells which is PSMA, but did not recognize a protein 
of this molecular weight in Lane 2. In addition, antibody 
60 7EH-C5 did not recognize the 90 KDa band in seminal 
fluids. 

This purified preparation of PSM' recognized by mono- 
clonal antibody 3F5.4G6 was then assayed for NAALADase 
activity. The high speed supernatant prepared from a LNCaP 
65 lysate was used as a positive control. The protein reacting 
positively with the 3F5.4G6 monoclonal antibody and being 
consistent with it being PSM', contained inherent NAALA- 
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Dase activity of 16.9 mnol/min./mg protein using the assay 
described in Robinson et al. (1987, J. Biol. Chem. 
262:14498-14506). 

7. EXAMPLE 

PRODUCTION OF MONOCLONAL 
ANTIBODIES AGAINST A PSMA-CONTAINING 
TUMOR CELL MEMBRANE PREPARATION 

7.1 MATERIALS AND METHODS 

7.1.1 IMMUNIZAnON 

LNCaP prostatic carcinoma cells were obtained from the 
American Type Culture Collection (ATCC), Rockville, Md. 
LNCaP membranes were prepared from two 150 mm plates 
by removing cells in a versene solution followed by cen- 
trifugatioD to pellet the cells. Distilled water was added to 
the cell pellet and the cells were homogenized using a 
dounce homogenizes The homogenized suspension was 
centrifuged at 30,000 xg and the pelleted membrane fraction 
used for immunization. 

Adult female BALB/c mice were immunized iniraperito- 
neaUy four times (2-3 week intervals) with a LNCaP mem- 
brane preparation emulsified in complete Freund*s adjuvant. 
Five days prior to cell fusion, the mice were boosted with 50 
jug of immunoafiBnity purified PS MA in PBS. Cell fusion 
was performed as described in Section 6.1.3 supra. 

7.1.2 SCREENING OF PRIMARY HYBRIDOMAS 

A solid -phase enzyme -linked immunoadsorbant assay 
(ELISA)-based assay was employed for the detection of 
PSMA-specific antibodies. Immunoafiinity purified PSMA, 
Baculovirus-expressed full-length PS MA, or bacterially- 
expressed fusion proteins containing PSMA fragments were 
coated onto Maxi-Sorp (Nunc Immuno, Rochester, N.Y.) 
96-well plates with an overnight incubation at 4** C. The 
plates were washed with PBS-0.2% Tween-20 and the 
remaining sites were blocked with a 5% solution of BSA for 
one hour at room temperature. Fifty microliters (|/1) of 
supernatant from the hybridoraa cultures were added to the 
PSMA-coated wells and the plates were incubated for two 
hours at room temperature. ^Phe plates were washed as above 
and 50 ju\ of 1:600 dilution of rabbit-anti-mouse IgG and 
rabbit-anti-mouse IgM (ICN, Costa Mesa, Calif.) were 
added to each well. Following a one hour incubation at room 
temperature, the plates were washed as above and 50 /<1 of 
a 1:400 dilution of HRP- conjugated Protein-A (Sigma, St. 
Louis, Mo.) were added to each well. Following a one hour 
incubation at room temperature, the pates were washed as 
above and 100 fi\ ABTS (150 mg 2,2*-azino-bis 
(3-ethylbenzthiazoline-6-sulfonic acid in 500 ml of 0.1 M 
citric acid, pH 4.35)/H202 (10 //I 30% H.O. per 10 ml of 
ABTS solution) chromogen/substrate solution were added to 
each well. The plates were read in a microplate reader and 
the OD405 was measured. The hybridoraa cells producing 
supematants with OD values 0.05 above background were 
cloned by hmiting dilution and subjected to additional 
analysis. 

For solid -phase capture of PSMA, the aforementioned 
assay was modified as follows: Fifty microliters of a 40 
«g/ml solution of 7E11-C5 anti-PSMA monoclonal antibody 
in 0.1 M NaHCOs, pH 8.2 binding buffer were added to 
wells of a Maxi-Sorp plate and allowed to adhere overnight 
at 4° C. The plates were washed and blocked as above. Fifty 
microliters of serially-diluted immunoaflSnity-purified 
PSMA were added to the 7Ell-C5-coated well and the 
plates were incubated for two hours at room temperature. 
Following extensive washing, 50 //I of undiluted tissue 
culture supernatant from either 3D7-1.1 or 4E10-1.14 hybri- 



doraa clones were added to the wells and the plates were 
incubated for 90 minutes al room temperature. After wash- 
ing as above, the wells were probed with 50 fA of a 1:1000 
dilution of peroxidase-conjugated goat anti-mouse IgM and 
3 incubated for one hour at room temperamre. Following 
extensive wa.shing, 100 //I of ABTS/H^O^ were added to 
each well and the plates wee read in a microplate reader as 
described above. 

7.1.3 IMMUNOAFFINITY PURIFICATION OF PSMA 
30 Sixteen milliliters of packed LNCaP cells were homog- 
enized in 5 volumes of 25 mM Tris-HCL, pH 7.4, 150 mM 
NaCl, 1% NP-40 (Signma, St. Lous, Mo.) by two strokes of 
a Potter- El vehj em homogenizer followed by stirring over- 
night at 4** C. Tht extract was centrifuged at 100,000 xg for 

15 1 hour and the pellet re-extracted as before. The combined 
supematants were mixed in the cold overnight with 7E11- 
C5-Immunobeads (Pierce, Rockford, 111.) (3—5 ml resin bed 
volume). The beads were centrifuged, washed extensively 
with homogenization buflfer and poured into a column. The 
20 beads were washed again with additional homogenization 
buffer containing 1% NP-40 followed by an additional wash 
with buffer containing 1% Triton X-IOOR (Aldrich, 
Milwaukee, Wis.). The washed beads were eluted with 100 
mM glycine buffer, pH 2.5, 150 mM NaCl, 1% Triton 
15 X-IOOR in 2 ml fractions. Protein elution was monitored at 
OD280. 

Fractions containing protein were analyzed by SDS- 
PAGE gels using silver staining and Western blotting. In 
typical preparation, the 120 kDa protein band corresponding 
30 to 7E11-C5reactivity in a Western blot was 60-80% pure. 
An approximate yield from 16 ml of packed cells was 1 
milUgram of PSMA protein. The detergent in the PSMA 
preparation was removed by passing the solution over an 
Extractigel column (Pierce). The protein was lyophilized 
35 and dialyzed extensively with PBS prior to use in immuni- 
zation or hybridoraa screening. 

7.1.4 FLOW CYTOMETRIC ANALYSIS 
The ability of monoclonal antibodies to recognize exter- 
nal or extracellular epitopes of PSMA was assessed by flow 

40 cytometry. LNCaP (PSMA-expressing) and PC-3 cells 
(PSMA-non -expressing) were freshly harvested from tissue 
culture flasks and a single cell suspension prepared. 
Approximately one million ceUs were resuspended in one ml 
of undiluted tissue culmre supernatant from either 3D7-1.1 
45 or 4E10-1.14 hybridoraa clones and incubated on ice for 
two hours. The cells were washed tow times with PBS-0.1% 
BSA, 0.01% Na azide, resuspended in 100 //I of a 1:100 
dilution of FITC-conjugated rabbit-anti-mouse IgM 
(Jackson ImmunoResearch, West Grove, Pa.), and incubated 
50 on ice for an additional 30 minutes. The cells were washed 
twice as above, resuspended in 500 wl of wash buffer, and 
analyzed for fluorescent staining by FACSCalibur (Becton- 
Dickinson, San Joe, Calif.) with CellQuest acquisition soft- 
ware. 

55 7.1.5 WESTERN BLOT ANALYSIS 

Tissue culture supematants from the 3D7-1.1 and 4E10- 
1.14 hybridoma clones were tested in a Western blot assay 
for PSMA reactivity. Western blot analysis was performed 
following the protocol of Pelletier and Boynton (1994, J. 
60 CcU. Physiol. 158:417^34). Briefly, lysates from LNCaP 
and PC-3 cells, immunoaflfinity-purified PSMA, or 
Baculovirus-expressed full-length PSMA were electro- 
phore.sed on an 8.5% SDS-PAGE gel, and the separated 
proteins were elect roblotted onto a PVDE membrane for one 
65 hour al 90 volts. The membranes were blocked ovemight in 
5% BLOTTO and incubated for 90 minutes with 20 ml 
undiluted tissue culture supernatant from the appropriate 
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clone. The supernatant was removed, the blots were washed 
five times with TBS-0.5% Tween-20 (TBS-T), and probed 
with a 1:5,000 dilution of peroxidase -conjugated goat-anti- 
mouse IgM secondary antibody (Jackson) for one hour at 
room temperature. The membrane was washed five times 
with TBS-T, developed using the Chemiluminesceni Sub- 
strate Kit (KPL, Gaithersburg, Md.), and visualized by 
exposing X-ray film (Kodak). 

7.1.6 PREPARAHON OF RECOMBINANT PSMA BY 
BACULOVIRUS EXPRESSION SYSTEM 

An insen containing the full length coding sequence of 
PSMA (Israeli ct aL, 1993, Cancer Res. 53:227-230) was 
cloned from a Lambda pDR2 human library (Clontech, Palo 
Alto, CaHf.) using probes specific for the gene sequence. 
The insert was excised from this vector by Smal and Sspl 
digestion and cloned into the transfer vector pAcHLT-C 
(Pharmingen, San Diego, Calif.) according to manufactur- 
er's instructions. Co-transfection of the transfer vector with 
BacPAK6 linearized viral DNA (Clontech) yielded virus 
encoding full length PSMA protein containing a poly- 
hislidine tail at the N-terminal of the protein to be used for 
protein isolation by binding to an Ni-NTA-column. PSMA 
protein was produced by isolating plague -purified recombi- 
nant baculovirus particles, amplifying and infecting Sf9 
cells at a mnltiplicity of infection of about 1:2 in the 
presence of SFM II medium (Gibco-BRI, Gaithersburg, 
Md.) supplemented with 5% FBS (Hyclone, Logan, Utah). 
Following a 48 hr incubation, infected cells were harvested 
and lysed in 1% CHAPS, and recovered via Ni-NTA- 
Agarose (Quisgen, Chats worth, Calif.) with imidazole elu- 
tion according to manufacturer's instructions. The final 
product was dialyzed extensively against PBS. 

7.2 RESULTS 

Monoclonal antibodies were generated against PSMA- 35 
containing prostatic carinoraa membranes. Two hybridoma 
clones, 3D7-1.1 and 4E10-1,14, were selected by a solid- 
phase immunoassay using immunoafiSnity-purified native 
PSMA from LNCaP cells and bacteri ally -expressed frag- 
ments of PSMA corresponding to amino acid regions 1-173, 40 
134-437, and 438-750 of SEQ ID NO:2. Supernatants from 
3D7-1.1 and 4E10-1.14 hybridoma clones demonstrated 
comparable binding to native PSMA as compared to anti- 
body 7E11-C5 (FIG. 9). Background non-specific binding to 
BSA was essentially comparable for all three antibody 45 
preparations. 

When epitope binding specificity was tested, 7E11-C5 
monoclonal antibody bound to the amino acid fragment 
1-173 of SEQ ID NO:2 which contains the N-terminal, 



although the non-specific background of the blot was much 
greater than with 3D7-1.1. Thus, both 3D7-1.1 and 3E10- 
1.14 react with a 120 kDa band present in LNCaP cells and 
with immunoaffinity-purified PSMA. 

Full-length Baculovirus-expressed PSMA was electro- 
phoresed on an SDS-PAGE gel and electroblotled to a PVDF 
membrane. Tlie blot was inserted into a Mini-Protean II 
Multi-Screen apparatus (Bio-Rad), probed with a variety of 
antibody preparations, and developed as a Western blot. 
FIG. 11 shows thai 3D7-1.1 and 4E10-1.14 monoclonal 
antibodies reacted with a protein band that corresponded to 
the same band bound by 7E11-C5 monoclonal antibody. 

LNCaP cells and PC-3 cells were stained with superna- 
tants from 3D7-1.1 and 4E10-1.14 hybridoma clones and 
analyzed by flow cytometry. Both antibodies stained Live, 
non-fixed LNCaP cells but did not stain PC-3 cells (FIG. 
12A-D). These results confirm that these two antibodies 
react with epitopes in the extracellular domain of the PSMA 
molecule. Furthermore, the distinct shift in LNCaP staining 
obser\'ed with 4E10-1.14 monoclonal antibody compared to 
the shoulder seen with 3D7-1.1 suggests that these two 
antibodies recognize diflferent epitopes in this particular 
region of the PSMA molecule. 

A Iwo-site capture ELISA for PSMA was developed 
utilizing the 7E11-C5 monoclonal antibody as a PSMA- 
capture reagent and 3D7-1.1 and 4E10-l.i4 monoclonal 
antibodies as reporting or detecting antibodies. Since these 
antibodies recognize different epitopes on the PSMA mol- 
ecule (7E 11 -C5 reactive with the N-terminal 6 amino acids; 
3D7-1.1 and 4E 10- 1.14 reactive with a sequence in the 
134-475 amino acid region of SEQ ID NO: 2), they pair 
effectively in the two -site captiire assay. Using serially 
diluted immunoafifinity purified PSMA as a test antigen, 
supernatants from both 3D7-1.1 and 4E10-i.l4 were able to 
detect PSMA following capture on 7Ell-C5-coated 96-well 
plates (FIG. 13). Additionally, purified PSMA from LNCaP 
cells and seminal fluid was tested as well as a crude 
preparation of baculovirus-expressed full-length PSMA 
(FIG. 14). Significant OD405 readings were observed for the 
PSMA control antigen, seminal fluid, and the baculovirus 
PSMA preparation. When purified PSMA was diluted in 
normal female human serum and the samples were assayed 
using the two-site capture assay, the same antibodies aJso 
delected PSMA (FIG. 15). Hence, the two-site capture assay 
developed with monoclonal antibodies directed to different 
portions of PSMA delected PSMA from a variety of sources 
in an antigen-.specific manner. 

An allern alive two-site capture ELISA for PSMA was 
intraceUular domain of PSMA. Although 3D7- 1.1 and 4E10- 50 developed using 3D7-1.1 monoclonal antibody as a PSMA 
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1.14 displayed modest binding to this fragment, these two 
monoclonal antibodies demonstrated the strongest binding 
to the amino acid fragment 134-437 of PSMA, which is part 
of the extracellular domain of PSMA of SEQ ID N0:2 (FIG. 
9). Since this fragment is a part of PSM', these antibodies 
also react with PSM'. 

Supernatant from the 3D7-1.1 hybridoma clone was fur- 
ther tested in a Western blot assay against lysates from 
LNCaP and PC-3 cells, and immunoaflBnity-purified PSMA. 
FIG. 10 shows the 3D7-1.1 reacts with a 120 kDa band 
present in LNCaP cells (Lane 1) but not in PC-3 cells (Lane 
2). Both Lanes 1 and 2 display reactivity that was most likely 
due to non-specific binding of the secondary antibody 
reagent. Lane 3 containing immunoaffinity purified PSMA 
shows a major band at 120 kDa when probed with 3D 7-1.1 
monoclonal antibody. Similar Western blot data were also 
obtained with supemantant from the 4E1 0-1.14 clone 



capture reagent and 7E11-C5 monoclonal antibody as a 
reporter or detection antibody. Serially diluted immunoaf- 
finity purified PSMA was used as test antigen, captured on 
3D7-1.1 coated plates and detected using biotinylated 7E11- 
55 C5 monoclonal antibody. Results are shown in FIG. 16. FIG. 
16 demonstrates that monoclonal antibodies such as3D7-l.l 
or 4E 10- 1.14 which bind specifically to the extracellular 
domain of PSMA are useful in a two-site capture ELISA for 
PSMA. 

60 The utility of 3D7-1 .1 for capture of PSMA indicates that 
another alternative immunoassay relying exclusively on the 
extracellular domain of the PSMA protein will be useful. 
Such an assay utifizing two extracellular domain-specific 
antibodies for capture and detection would be able to detect 

65 PSM' because of the location in the protein of its epitope. 
Thus, any assay utilizing 7E11-C5 for either capture or 
detection would specifically exclude PSM'. An example of a 
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PSM* specific assay would include capture of PSMA and 
PSM' by an antibody such as 3D7-1.1 or any one of the 
monoclonal antibodies specific for the extracellular domain 
of PSMA in parallel tests. Subsequent detection using both 
4E10-1.14 for total PSMA and PSM' and 7E11-C5 for only 
PSMA would yield the amount of PSM' by simple subtrac- 
tion. From this data a ratio of PSM' lo PSMA is derived 
which will have diagnostic relevance in view of the refer- 
ence by Su et al. Cancer Res., 55:1441-1443 (1995). 

Su shows thai the transcript encoding PSMA is preferen- 
tially detected in prostate cancer patients (compared to 
normal males) although Su presents no demonstration that 
the PSMA transcript is in fact translated into protein in these 
patients. Additionally, Su shows that the transcript encoding 
PSM' is preferentially delected in normal males (compared 
to prostate cancer patients), although Su never detected any 
PSM' protein. The present inventors, in this application, 
demonstrate that the PSMA protein is enhanced in body 
tissues and/or fluids of prostate cancer patients (compared to 
normal males) and that the PSM' protein is enhanced in body 
tissues and/or fluids of normal males (compared to prostate 
cancer patients). Thus, according to the present invention, 
the ratio of PSM' to PSMA will have diagnostic and/or 
prognostic utility for clinical assessment of prostate cancer 
patients. 

A fragment of PSMA corresponding lo amino acids 34 to 
750 of full length PSMA (SEQ ID NO: 2) was expressed in 
a baculovirus expression system as a 1.9 kb insert in a 
baculovirus expression system. The baculovirus expressed 
PSMA fragment is very similar to PSM' (which corresponds 
to residues 58-750 of fuU length PSMA of SEQ ID NO:2) 
except that an additional 76 amino acids of the extracellular 
domain of PSMA are missing from the N-terminal of the 
fragment. Western blot analysis of various baculovirus 
expressed semi -purified PSMA fragment and LNCaP cell 
lysate were developed with monoclonal antibody 4E10-1.14 
as probe. Results are shown in FIG. 17. 

Western blot analysis of crude lysates of SF9 cells 
infected with baculoviriLS containing either an irrelevant 
insert or the 1.9 kb insert encoding the PSMA fragment, i.e. 
amino acids 134-750 of full length PSMA of SEQ ID N0:2, 
was developed with monoclonal antibody 7E11-C5 as probe. 
Results are shown in FIG. 18. 

FIG. 17 indicates that antibodies such as 4E10-1.14 which 
are specific for the extraceflular domain of PSMA are able 
also to bind a baculovirus expressed protein product very 
similar to PSM'. In contrast, FIG. 18 indicates that this is not 
a property of the 7E11-C5 monoclonal antibody due to its 
epitope specificity (see the negative reactivity of 7E11-C5 
with the baculovirus expressed PSMA fragment in FIG. 18). 
The baculovirus expressed PSM protein fragment is identi- 
cal to PSM' (which corresponds to residues 58-750 of full 
length PSMA of SEQ ID NO:2) except that it is missing an 
additional 76 amino acids from the N-ierminal, all of which 
are in the extracellular domain. Because the epitope speci- 
ficity of both 3D7-1.1 and 4E10-1.14 map to a region of the 
extracellular domain contained in both PSM* and the 
134-750 amino acid PSMA fragment of SEQ ID NO:2 (see 
FIG. 9), both antibodies would have the inherent property of 
binding to native PSM', a property not shared by 7E11-C5. 

The 307-1.1 monoclonal antibody was used as a probe in 
a Western blot with LNCaP cell derived PSMA as well as 
human serum and seminal fluid known also to contain 
PSMA. The results are shown in FIG. 19. 

A band corresponding to PSMA migrating at about 120 
Kd is present in aU fractions. In addition, a second faster 
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migrating band of molecular weight 90 to 100 Kd was 
obser\'ed in the serum and seminal fluid as revealed by 
antibody 3D7-1.1. This faster migrating band is not 
obscr\'cd in Western blots with scrum using the 7E11-C5 
5 antibody (sec Holmes et al., 1996, The Prostate, Supple. 
7:25-29). This faster immigrating 3D7-1.1 reactive protein 
band is most probably PSM' present in biological fluids. 

8. EXAMPLE 

10 PRODUCTION OF MONOCLONAL 

ANTIBODIES OF IgG ISOTYPE AGAINST 
PSMA 

8.1 MATERIALS AND METHODS 
15 8-1.1 IMMUNIZATION 

BALB/c and AJJ mice were immunized intraperitioneafly 
with LNCaP membrane in complete Freund's adjuvant, 
followed by one subsequent immunization (2-3 week 
intervals) with ceH membrane in incomplete Freund's adju- 

20 vani and three boosts with 50 ;*g of immunoaffinity purified 
PSMA in PBS. PSMA was purified according to the method 
described in Section 7.1.3, supra. Five days after the last 
boost, cell fusion was performed. 
8.1.2 IMMUNOCYTOCHEMISTRY 

25 LNCaP cells were grown on glass slides for immunocy- 
tochemistry with either viable or fixed cells. Cells were fixed 
with 4% paraformaldehyde-PBS for 30 minutes at room 
temperature, washed with 1% BSA-PBS, quenched for 10 
minutes in 50 mM NH^Cl in PBS, and rinsed in 1% 

30 BSA-PBS. Fixed cells were permeabilized with 0.075% 
Triton X-100 in 1% BSA-PBS for 2 minutes at room 
temperature. 

Primary antibody as culture supernatant (+0.075% Triton 
X-100 for fixed cells) was added for 60 minutes at 4** C. for 

35 viable cells or at room temperature for fixed cells. After 
primary antibody treatment, viable cells were fixed in cold 
methanol for 20 minutes. FITC-labeled goat anti-mouse 
secondary antibody (l:100-diluted in 1% BSA-PBS+ 
0.075% Triton X-100 for fixed cells) was incubated for 60 

40 minutes and washed extensively with 1% BSA-PBS. Slides 
were mounted with glycerol and examined by fluorescence 
microscopy. 

8.2 RESULTS 

Immunization of animals with membrane-derived and 

45 immunoafiSnity purified PSMA resulted in increasing serum 
titers after each injection. Cell frisions were performed using 
spleen cefls from animals having serum titers in excess of 
1:100,000 dilution. The hybridomas were screened by solid 
phase ELISA with full length PSMA and compared to 

50 reactivity with bacterially expressed fusion proteins contain- 
ing portions of the PSMA protein as described in Section 
7.1.2, supra, except that a secondary anti-mouse IgG reagent 
was used to .select for antibodies of IgG isotype. In addition, 
antibody reactivity was evaluated by Western blot analysis, 

55 flow cytometric analysis and in a sandwich ELISA using 
antibody 4E 10- 1.1 4 as a capture antibody and a peroxidase- 
conjugatcd rabbit -anti- mouse IgG secondary antibody. 

Solid phase immunoassays were conducted to determine 
the approximate location of the binding epitope for each IgG 

60 monoclonal antibody obtained. The results are summarized 
in Table 2, which includes the isotype subclass for each 
antibody. Among the total of 32 antibodies tested, multiple 
antibodies were found to bind to each PSMA fragment, and 
aU antibodies bound native PSMA. Two antibodies, 3C2 and 

65 3C4, reacted with both the 1-173 and 134-437 fragments of 
PSMA of SEQ ID NO:2 suggesting that their epitopes are 
within the overlapping region of these fragments. Three 
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antibodies 3C6, 4D4 and 1G9 only bound native PSMA 
suggesting that these antibodies recognize a native protein 
conformation which is not present in any of the denatured 
PSMA fragments. Two other antibodies, 3G6 and 3F6, also 
did not bind to PSMA fragments but they were able to bind 
to denatured PSMA on Western blots. 

TABLE 2 

Binding Specificity and Isotypc of PS MA- Specific 



Antibodies to Native PSMA and PSMA Fragments of SEQ ID NO: 2 



Antibody 


Native PSMA 


1-173 


134-437 437-750 Lsotype" 


3E11 


+ 


+ 






3F6 




_ 






3G6 


+ 


_ 




Ig02b 


2E4 


+ 


weak 






3C2 


+ 


+ 


+ 




3C4 


+ 


+ 


+ 


IgGz. 


3C9 


+ 




+ 


IgGx 


2C7 


+ 


- 




IgGi 


2D4 






+ 


tgGa, 


4CSG8 


+ 




+ 


IgG^t, 


2C4 


+ 




+ 


IgGx 


4C11 


+ 




+ 


IgG, 


IDll 


+ 




+ 


tgG^ 


4E8 


+ 




+ 




2G5 


+ 




+ 


IgGzi. 


4E6 


+ 




+ 


IgG, 


1F4 


+ 




+ 


rgG, 


1G3 


+ 






+ IgG., 


4C8B9 


+ 






+ IgGz. 


2E3 








+ IgGz. 


3D8 


+ 






IgGz. 


4F8 


+ 






+ IgG^. 


3D2 


+ 






+ IgG^ 


1G7 


+ 






+ IgG2. 


3D4 


+ 






+ IgG^. 


3C6 


+ 






IgGx 


4D4 


+ 






IgGx 


1G9 


+ 






IgGx 


5G10 


+ 




+ 


IgGx 


5E9 


+ 




+ 


IgGx 


4D8 


+ 


+ 




IgG^ 


3E6 


+ 


+ 




IgGx 



"lsotype specificity was determined using IsoStrip tests (Boeh ringer- 
Mannheim) for murine antibody isotype determinau'ons which were con- 
ducted according to manufacturer's instructions. 



Western blot analysis was conducted utilizing PSMA 
from a variety of sources, i.e., LNCaP cells, recombinant 
baculovirus expressed PSMA, and seminal fluid. The results 
generally indicate strong antibody binding to PSMA from all 
sources, and negative reactivity to lysates of PSMA negative 
PC-3 cells. In certain instance (antibodies 3E11, 2E4, 3G6, 
and 3F6), no reactivity to baculovirus expresed PSMA was 
observed although strong reactivity to LNCaP and seminal 
fluid derived PSMA was observed. Presumably, this was due 
to differences in cryplicity of antibody epitopes in this 
region, perhaps as a resuh of the presence of the polyhisti- 
dine N-terminal substitution on the baculovirus expressed 
protein. 

The thirty-two monoclonal antibodies can be grouped 
based upon their ability to bind to a faster migrating approxi- 
mately 100 kDa protein band present in LNCaP cell lysates. 
Western blots were also conducted utilizing an LNCaP cell 
lysate depleted of full length PSMA by binding to 7EU.C5- 
Immunobeads. The results confirm binding to PSM' for all 
antibodies specific for PSMA fragments 134-437 and 
438-750 of SEQ ID NO:2. In addition, antibodies 3C2 and 
3C4 which are most reactive with the amino acid 1-173 
fragment to SEQ ID NO:2, also bind to PSM'. This further 
indicates that the protein epitope for these antibodies is 
within PSM' and likely within the overlapping region 
between fragments 1-173 and 134-437 of SEQ ID NO:2. 
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These results suggest that antibodies 2E4 and 3En are 
specific for epitopes contained within the first 57 amino 
acids since neither binds to the protein band corresponding 
to PSM\ However, no reactivity with these rwo antibodies 

5 was observed to a peptide corresponding to the intracellular 
portion of full length PSMA. Furthermore, these antibodies 
are capable of binding to unfixed cells by FACS analysis, 
indicating they cannot be specific for epitopes contained 
within the transmembrane domain of the protein. Thus, 

10 antibodies 2E4 and 3E11 must bind to epitopes contained 
within the extracellular domain of PSMA, most hkely 
between residues 44 and 57 of SEQ ID NQ:2. This same 
analysis indicates that antibodies 3E6 and 4D8 (which bind 
to the 1-173 PSMA fragment but not the 134-437 fragment 

15 of SEQ ID N0:2) are specific for a portion of the PSMA 
protein between approximately residues 57-134 of SEQ ID 
NO:2 since both antibodies bind to the PSM' protein by 
Western blot. 

FACS analysis using this panel of antibodies shows 

20 positive staining of PSMA expressing LNCaP cells. Stron- 
gest shifts were observed with antibodies 3C6, 1G3, 3C9, 
3C4. 3G6, 3F6, 3E11, IDll, 3D8, 1G9 and 4D4. 
Presumably, at least some of the variability in the extent of 
cellular staining with these antibodies is due to effects of 

25 glycosylation through the 10 potential N-linked sites which 
are distributed in the more C-terminal portion of the protein, 
Immunocytochemistry was conduced on both live and 
fixed LNCaP cells using this panel of antibodies. In general, 
straining intensity of live cells mirrored results obtained by 

30 flow cytometry. Staining of fixed cells also was similar with 
some exceptions as discussed below. 

Anli-PSMA antibody 7E11.C5 is specific for the first 6 
amino acids of PSMA and is located on the intracellular side 
of the plasma membrane. Immunocytochemical staining of 

35 five LNCaP cells with 7E11.C5 was negative, whereas 
straining was strong in fixed cells. Thus, this result demon- 
strates the integrity of the Uve LNCaP cells used in immu- 
nocytochemistry relating to the inability of antibodies to 
cross the plasma membrane of live ceUs. Strong staining of 

40 live LNCaP cells by antibodies 3C6, 4D4, and 1G9 was 
observed, indicating that they bind to extracellularly distrib- 
uted epitopes. Weak or negative straining of fixed cells was 
observed with these antibodies, confirming that these anti- 
bodies recognize native protein conformations which are 

45 destroyed by dcnaturation or fixation of the protein. These 
three antibodies may be particularly useful for in vivo 
diagnosis and therapy of tumors, including tumor imaging. 

A sandwich ELISA was developed utilizing the IgM 
4E 10- 1.1 4 antibody as a capture reagent followed by each 

50 IgG for detection .A sensitive hnear response to antigen 
concentration was observed regardless of the antibody used 
for detection. 

In conclu.sion, a total of thirty-two IgG monoclonal anti- 
bodies were selected with specificity for PSMA. The anli- 

55 bodies bind epitopes distributed throughout the extracellular 
domain of PSMA, FIG. 20 summarizes the distribution of 
antibody epitope specificities of these antibodies. Three 
antibodies are specific for more complex epitopes related to 
the nature protein conformations. All IgG antibodies specific 

60 for the portion of PSMA (SEQ ID NO: 2) encompassing 
residues 134-750 also bind PSM'. 

9. DEPOSIT OF CELL UNES 

The following hybridoma cell lines were deposited on 
65 Mar. 12, 1996, on Mar. 11, 1997 and on Mar 17, 1998 with 
the American Type Culture Collection, 12301 Parklawn 
Drive, Rockville, Md. 20852, and assigned the following 
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acx:ession numbers: 



ATCC Accession No, 


Hybridoma 


Date 


HB12060 


3F5.4G6 


March 12, 1996 


HB 12309 


3D7-1.1 


March 11, 1997 


HB12310 


4E10-1J4 


March 11, 1997 


HB124S9 


irr3 


March 17, 1998 


HB12495 


1G9 


March 17, 1998 


HB12490 


2C7 


March 17, 1998 


HB12494 


3C4 


March 17, 1998 


HB12491 


3C6 


March 17, 1998 


HB124S4 


3C9 


March 17, 1993 




3E6 


March 17, 1998 




3E11 


March i /, lyyo 


HB124S5 


3G6 


March 17, 1998 


HB12493 


4D4 


March 17, 1998 


HB12487 


4D8 


March 17, 1998 


HB12492 


4C8B9 


March 17, 1998 


I IB 12664 


3F6 


March 16, 1999 


HB12678 


2E4 


March 16, 1999 


HB12665 


3C2 


March 16, 1999 


HB12672 


2D4 


March 16, 1999 


HB12660 


4C8G8 


March 16, 1999 


HB12675 


2C4 


March 16, 1999 


HB12663 


4C11 


March 16, 1999 


HB12661 


IDII 


March 16, 1999 


HB12667 


4E8 


March 16, 1999 


HB12674 


2G5 


March 16, 1999 


HB12620 


4E6 


March 16, 1999 
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-continued 


ATCC Accession No. 


Hybridoma 


Date 


HB12677 


1F4 


March 16, 1999 


HB12666 


2E3 


March 16, 1999 


HB12662 


3DS 


March 16, 1999 


HB1266S 


4FS 


March 16, 1999 


HB12673 


3D2 


March 16, 1999 


HB12676 


1G7 


March 16, 1999 


HB12669 


3D4 


March 16, 1999 


HB12679 


5G10 


March 16, 1999 


HB12671 


5E9 


March 16, 1999 



The present invention is not to be limited in scope by the 
exemplified embodiments which are intended as illustrations 
of single aspects of the invention. Indeed, various modifi- 
cations of the invention in addition to those shown and 
described herein will become apparatus to those skilled in 
the art from the foregoing description and accompanying 
drawings. Such modifications are intended to fall within the 
scope of the appended claims. 

All publications cited herein are incorporated by reference 
in their entirety. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 2 



(2) INFORMATION FOR SEQ ID N0:1: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Glu Ser Lys Val Asp Pro Ser Lys 
1 5 



(2) INFORMATION FOR SEQ ID KO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A> LENGTH; 75 0 aioino acids 
(B> TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Met Trp Asn Leu Leu His Glu Thr Aep Ser Ala Val Ala Thr Ala Arg 
15 10 15 

Arg Pro Arg Trp Leu Cys Ala Gly Ala Leu Val Leu Ala Gly Gly Phe 
20 25 30 



Phe Leu Leu Gly Phe Leu Phe Gly Trp Phe lie Lys Ser Ser Asn Glu 
35 40 45 
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Ala Thr Aan lie Thr Pro Lys His Asn Met Lys Ala Phe Leu Asp Glu 
50 55 60 

Leu Lys Ala Glu Asn lie Lys Lys Phe Leu Tyr Asn Phe Thr Gin lie 
65 70 75 BO 

Pro HIb Leu Ala Gly Thr Glu Gin Asn Phe Gin Leu Ala Lys Gin lie 
85 90 95 

Gin Ser Gin Trp Lye Glu Phe Gly Leu Asp Ser Val Glu Leu Ala His 
100 105 110 

Tyr Asp Val Leu Leu Ser Tyr Pro Asn Lys Thr His Pro Asn Tyr lie 
115 120 125 

Ser lie lie Asn Glu Asp Gly Asn Glu lie Phe Asn Thr Ser Leu Phe 
130 135 140 

Glu Pro Pro Pro Pro Gly Tyr Glu Asn Val Ser Asp lie Val Pro Pro 
145 150 155 160 

Phe Ser Ala Phe Ser Pro Gin Gly Met Pro Glu Gly Asp Leu Val Tyr 
165 170 175 

Val Asn Tyr Ala Arg Thr Glu Asp Phe Phe Lys Leu Glu Arg Asp Met 
180 185 190 

Lys lie Asn Cys Ser Gly Lys lie Val lie Ala Arg Tyr Gly Lys Val 
195 200 205 

Phe Arg Gly Asn Lys Val Lys Asn Ala Gin Leu Ala Gly Ala Lys Gly 
210 215 220 

Val He Leu Tyr Ser Asp Pro Ala Asp Tyr Phe Ala Pro Gly Val Lys 
225 230 235 240 

Ser Tyr Pro Asp Gly Trp Asn Leu Pro Gly Gly Gly Val Gin Arg Gly 
245 250 255 

Asn He Leu Asn Leu Asn Gly Ala Gly Asp Pro Leu Thr Pro Gly Tyr 
260 265 270 

Pro Ala Asn Glu Tyr Ala Tyr Arg Arg Gly He Ala Glu Ala Val Gly 
275 280 285 

Leu Pro Ser He Pro Val His Pro He Gly Tyr Tyr Asp Ala Gin Lye 
290 295 300 

Leu Leu Glu Lys Met Gly Gly Ser Ala Pro Pro Asp Ser Ser Trp Arg 
305 310 315 320 

Gly Ser Leu Lys Val Pro Tyr Asn Val Gly Pro Gly Phe Thr Gly Asn 
325 330 335 

Phe Ser Thr Gin Lys Val Lys Met His He His Ser Thr Asn Glu Val 
340 345 350 

Thr Arg He Tyr Asn Val He Gly Thr Leu Arg Gly Ala Val Glu Pro 
355 360 365 

Asp Arg Tyr Val He Leu Gly Gly His Arg Asp Ser Trp Val Phe Gly 
370 375 380 

Gly He Asp Pro Gin Ser Gly Ala Ala Val Val His Glu He Val Arg 
385 390 395 400 

Ser Phe Gly Thr Leu Lys Lys Glu Gly Trp Arg Pro Arg Arg Thr He 
405 410 415 

Leu Phe Ala Ser Trp Asp Ala Glu Glu Phe Gly Leu Leu Gly Ser Thr 
420 425 430 

Glu Trp Ala Glu Glu Asn Ser Arg Leu Leu Gin Glu Arg Gly Val Ala 
435 440 445 

Tyr He Asn Ala Asp Ser Ser He Glu Gly Asn Tyr Thr Leu Arg Val 
450 455 460 
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Asp 
465 


Cyo 


Thr 


Pro 


Leu Met Tyr 
470 


Ser 


Leu 


Val 


His 
475 


Asn 


Leu 


Thr 


Lys 


Glu 
480 


Leu 


Lys 


Ser 


Pro Asp Glu Gly Phe Glu Gly Lys 
485 490 


Ser 


Leu 


Tyr 


Glu 
495 


Ser 


Trp 


Thr 


Lys 


Lys 
500 


Ser Pro Ser 


Pro 


Glu 
505 


Phe 


Ser 


Gly 


Met 


Pro 
510 


Arg 


He 


Ser 


Lye 


Leu 
515 


Gly Ser Gly Asn Asp Phe Glu Val 
520 


Phe 


Phe 
525 


Gin 


Arg 


Leu 


Gly 


He 
530 


Ala 


Ser Gly Arg Ala 
535 


Arg 


Tyr 


Thr 


Lys 


Asn 
540 


Trp 


Glu 


Thr 


Asn 


Lys 
545 


Phe 


Ser 


Gly Tyr Pro Leu 
550 


Tyr 


His 


Ser 


Val 

555 


Tyr 


Glu 


Thr 


Tyr 


Glu 
560 


Leu 


Val 


Glu 


Lys 


Phe Tyr Asp 
565 


Pro 


Met 


Phe 
570 


Lys 


Tyr 


His 


Leu 


Thr 
575 


Val 


Ala 


Gin 


val 


Arg 
580 


Gly Gly Met 


Val 


Phe 

585 


Glu 


Leu 


Ala 


Asn 


Ser 
590 


He 


Val 


Leu 


Pro 


Phe 
595 


Asp 


Cys Arg Asp 


Tyr 
600 


Ala 


Val 


Val 


Leu 


Arg 
605 


Lys 


Tyr 


Ala 


Asp 


Lys 
610 


He 


Tyr 


Ser He Ser 
615 


Met 


Lys 


His 


Pro 


Gin 
620 


Glu 


Met 


Lys 


Thr 


Tyr 
625 


Ser 


Val 


Ser 


Phe Asp Ser 
630 


Leu 


Phe 


Ser 


Ala 
635 


Vol 


Lys 


Asn 


Phe 


Thr 
640 


Glu 


lie 


Ala 


Ser 


Lys Phe Ser 
645 


Glu 


Arg 


Leu 
650 


Gin 


Asp 


Phe 


Asp 


Lys 
655 


Ser 


Asn 


Pro 


He 


Val 
660 


Leu Arg Met 


Met 


Asn 
665 


Asp 


Gin 


Leu 


Met 


Phe 
670 


Leu 


Glu 


Arg 


Ala 


Phe 
675 


He Asp Pro Leu Gly Leu Pro Asp 
680 


Arg 


Pro 
685 


Phe 


Tyr 


Arg 


His 


Val 
690 


He 


Tyr Ala Pro Ser 
695 


Ser 


His 


Asn 


Lys 


Tyr 
700 


Ala 


Gly 


Glu 


Ser 


Phe 
705 


Pro Gly 


He Tyr Asp Ala 
710 


Leu 


Phe 


Asp 


He 
715 


Glu 


Ser 


Lys 


Val 


Asp 
720 


Pro 


Ser 


Lys 


Ala 


Trp Gly Glu 
725 


Val 


Lys 


Arg 
730 


Gin 


He 


Tyr 


Val 


Ala 
735 


Ala 


Phe 


Thr 


Val 


Gin 
740 


Ala Ala Ala 


Glu 


Thr 
745 


Leu 


Ser 


Glu 


Val 


Ala 
750 







What is claimed is: 

1. A hybridoma cell line selected from the group consist- 
ing of 3F5,4G6 having ATCC accession number HB12060, 
3D7-1.I. having ATCC accession number HB12309. 4E10- 
1.14 having ATCC accession number HB12310, 3E11 
(ATCC HB12488), 4D8 (ATCC HB12487), 3E6 (ATCC 
HB12486), 3C9 (ATCC HB12484), 2C7 (ATCC HB12490), 
1G3 (ATCC HB12489), 3C4 (ATCC IIB12494), 3C6 
(ATCC HB12491). 4D4 (ATCC HB12493). 1G9 (ATCC 
HB12495), 5C8B9 (ATCC HB12492) and 306 (ATCC 
HB12485). 

2. A monoclonal antibody having an antigen-binding 
region specific for the extracellular domain of prostate 
specific membrane antigen, said domain comprising the 
amino acid sequence from residue #44 to 750 as depicted in 
FIG. 1 (SEQ ID N0:2), the antigen -binding region of which 
competitively inhibits the immunospecific binding of a 
second monoclonal antibody to its target epitope, which in 
said second antibody is produced by a hybridoma selected 
from the group consisting of 3F5-4G6 (ATCC HB 12060), 
1G3 (ATCC HB 12489), and 4C8B9 (ATCC HB12492). 



3. A kit for diagnosis, prognosis or monitoring prostate 
cancer, comprising the monoclonal antibody according to 
claim 2 or an antigen binding fragment thereof. 

4. The kit according to claim 3 in which the antibody or 
antigen binding fragment thereof is packaged in an aqueous 
medium or in lyophilized form. 

5. A monoclonal antibody having an antigen-binding 
55 region of an antibody produced by a hybridoma selected 

from the group consisting of 3F5.4G6 (ATCC HB12060) 
1G3 (ATCC HB12489), and 4C8B9 (ATCC HB12492). 

6. 'llie monoclonal antibody of claim 5, which is produced 
by a hybridoma selected from the group consisting of 

60 3F5.4G6 (ATCC HB12060), 1G3 (ATCC HB12489), and 
4C8B9 (ATCC HB 12492). 

7. A monoclonal antibody having an antigen-binding 
region specific for the extracellular domain of prostatic 
specific membrane antigen, said domain comprising the 

65 amino acid sequence from residue #44 to 750 as depicted in 
FIG. 1 (SEQ ID NO: 2), the antigen -binding region of which 
competitively inhibits the immunospecific binding of a 
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second monoclonal antibody lo its target epitope, wherein 
said second antibody is produced by a hybridoma selected 
from the group consisting of 3D7-1.1, (ATCC HB12309), 
4E10-1.14 (ATCC HB12310), 3C9 (ATCC HB124S4) and 
2C7 (ATCC HB 12490). 

8. A kit for diagnosis, prognosis or monitoring prostate 
cancer, comprising the monoclonal antibody according to 
claim 7 or an antigen binding fragment thereof. 

9. The kit according to claim 8 in which the antibody or 
antigen binding fragment thereof is packaged in an aqueous 
medium or in lyophilized form. 

10. A monoclonal antibody having an antigen-binding 
region of an antibody produced by a hybridoma selected 
from the group consisting of 3D7-1.1, (ATCC HB12309), 
4E10-1.14 (ATCC HB12310, 3C9 (ATCC HB124S4) and 
2C7 (ATCC HB 12490). 

11. The monoclonal antibody of claim 10, which is 
produced by a hybridoma selected from the group consisting 
of 3D7-1.1, (ATCC HB12309), 4E10-1.14 (ATCC 
HB12310), 3C9 (ATCC HB12484) and 2C7 (ATCC 
HB12490). 

12. A monoclonal antibody having an antigen-binding 
region specific for the extracellular domain of prostate 
specific membrane antigen, said domain comprising the 



amino acid sequence from residue #44 to 750 as depicted in 
FIG. 1 (SEQ ID N0:2), the antigen -binding region of which 
competitively inhibits the immunospccific binding of a 
second monoclonal antibody to its target epitope, wherein 
5 said second antibody is produced by a hybridoma selected 
from the group consi.Ming of 3C6 (ATCC HB 12491), 4D4 
(ATCC HB12493), and 1G9 (Al'CC HB12495). 

13. A kit for diagnosis, prognosis or monitoring prostatic 
cancer, comprising the monoclonal antibody according to 
claim 11, or an antigen binding fragment thereof. 

14. The kit according to claim 13 in which the antibody 
or antigen binding fragment thereof is packaged in an 
aqueous medium or in lyophilized form. 

j5 15. A monoclonal antibody having an antigen-binding 
region of an antibody produced by a hybridoma selected 
from the group consisting of 3C6 (ATCC HB 12491), 4D4 
(ATCC HB12493), and 1G9 (ATCC HB12495). 

16. The monoclonal antibody of claim 15, which is 
produced by a hybridoma selected from the group consisting 
of 3C6 (ATCC HB12491), 4D4 (ATCC HB12493),and 1G9 
(ATCC HB12495). 



